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CHAPTER I. INTRODUCTION 
Tunisian Agriculture: An Overview 
Tunisia has been historically a net food exporter. Two 
millenia ago it was considered to be Rome's granary and it is 
still referred to, throughout the Arab World as "Tunisia 
the Green." Recently, however Tunisia has become a net food 
importer. Since the country's independence in 1955, the 
relatively moderate growth rate in agricultural production 
of 1.7 percent per year has been more than offset by the high 
growth rate of the population of 2.5 percent, combined in 
the 19703 with rather substantial increases in per capita 
incomes of 4 to 5 percent. 
Nonetheless, Tunisia's agriculture has been an impor­
tant sector of its economy, and while its share of Gross 
Domestic Product has been low by developing countries stan­
dards (25 percent in 1955 and about 16 percent in 1980), 
its role in employment creation (65 percent in 1955, 40 per­
cent in 1980) and its indirect effects on the economy through 
the agricultural industries, mainly those of product trans­
formation, and through the related services makes its impact 
a lot more pervasive throughout the Tunisian society. 
The Cereals Subsector 
Cereals have always been a major subsector of Tunisian 
agriculturei their shares in gross agriculture output and 
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land use have ranged from 30 percent to 40 percent. In 
addition, they have used the bulk of fertilizer and 
machinery services, their share still over 50 percent 
despite a steady decline In It. 
Cereals, also, constitute the staple of the Tunisian 
diet and have accounted for about 57 percent of the caloric 
Intake and 70 percent of the protein Intake of the average 
Tunisian, the percentages being higher In rural areas (21). 
Milling, baking and pasta industries are an Important part 
of the Tunisian agro-industry as is the feed industry 
especially in view of the ever increasing reliance of live­
stock production on feed grains. 
Recent trends in acreage, yield and production of 
cereals are illustrated in Table 1. Two major periods can 
be distinguished. The 1955-1969 years are characterized by 
substantial declines in acreages planted (-35 percent for 
all cereals), and by low Increases in most yields. Soft 
wheat yields declined by 25 percent.^  The second period, 
covering the seventies, saw some recovery in hard wheat 
and barley acreage, and substantial Increases in all yields. 
Note, however, that for soft wheat the Increase in acreage was 
short lived and was followed by a very steep decline. 
Soft wheat was planted mainly by French colons, 
"modem" and well-equipped farmers. Some of these started 
leaving the country in 1955 and most of them were expro­
priated in 1962. 
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Table 1. Trends in cereal production and in rainfall 
five year averages, 1955-1979® 
55-59 65-69 60-64 65-69 70-74 75-79 Growth 
rate 
in 7.^  
Durum wheat 
Acreage 
Yield 
Production 
1,000 
kg/ha 
1,000 
ha 
tons 
1,031 
353 
364 
932 
379 
353 
738 
421 
311 
832 
607 
505 
987 
661 
653 
3 
2 
.2 
.1 
.9 
Soft wheat 
Acreage 
Yield 
Production 
1,000 
kg/ha 
1,000 
ha 
tons 
192 
636 
122 
145 
533 
77 
152 
479 
73 
252 
820 
206 
109 
1,125 
123 
-2 
2 
.8 
.8 
Barley^  
Acreage 
Yield 
Production 
1,000 
kg/ha 
1,000 
ha 
tons 
734 
256 
188 
531 
256 
136 
382 
283 
108 
384 
507 
195 
478 
472 
225 
-2 
3 
.1 
.1 
.9 
All cereals 
Acreage 
Yield 
Production 
1,000 
kg/ha 
1,000 
ha 
tons 
1,957 
344 
674 
1,608 
352 
566 
1,272 
387 
492 
1,468 
617 
906 
1,574 
636 
1,001 
-1 
3 
2 
.1 
.1 
.0 
Rainfall^  
North 
Center & 
mm/year 580 530 450 560 500 - -
South mm/year 292 260 256 341 280 
S^ource: (4). 
C^omputed with the five-year averages. 
i^ght include other cereals of minor importance. 
C^rop year rainfall September through August of 
harvest year. 
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Overall for the 1955-1979 period yields Increased at 
an annual growth rate of about 3 percent, and acreages 
declined by 1 percent yearly hence yielding a 2 percent 
annual growth rate in total cereal production. 
These trends were evaluated on five-year averages 
because of the high year to year variability as shown 
in Table 2. The coefficients of variability are signifi­
cantly higher in the central and southern region, matching 
those of rainfall in the region. 
High rainfall variability is further illustrated in 
Table 3. The ratios of maximum to minimum yearly rainfall 
ranges from 2.8 for the northern region, to 3.6 for the 
central and southern region, to 3.8 in the Makthar area. 
Seasonal variability is also extremely high, the ratios 
of the planting season's rainfall to the total rainfall of 
the crop year range from .29 to .69 in the northern region 
and from .32 to .89 in the central and southern region. 
The rainfall variability is the major source of risk 
and uncertainty in planting and fertilization decisions on 
the farm level and conditions to a large extent the high 
year to year variations in acreages and yields, the result­
ing effect being an even higher variability of total 
production of cereals. The coefficient of variability 
was .35 and the ratio of maximum to minimum production was 
4.35, thus making public decisions on stocks, imports. 
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Table 2. Variability coefficients of acreages, yields and 
rainfall, 1955-80 (source: (4)). 
Acreages Yields Rainfall 
Durum Soft Durum Soft Sept.- Jan.- Apr.-
wheat wheat Barley wheat wheat Barley Dec. March June 
North 8.1 37.7 26.4 36.7 47.5 49.2 34.1 40.4 43.7 
Center 
& 
South 43.6 55.0 43.2 52.6 56.4 58.1 66.9 45.9 51.3 
Table 3. Rainfall variability, 1955-80 (source: (4)). 
Central, 
North, North, North, South, Center, South, 
Units average Tunis Makthar average Kasserine Gafsa 
Crop year 
raintail~ mm. 
Average mm. 524 454 491 281 267 166 
Maximum mm. 851 877 1,152 518 702 299 
Minimum mm. 302 311 301 157 195 78 
Sept.-Dec. 
rainfair~ % 
Average % 42 44 
Maximum % 69 89 
Minimum % 29 32 
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exports and local distribution of grains and of fertilizer 
almost unmanageable, especially in view of the lack of 
appropriate predictive tools. 
Cereals are grown mostly under dry farming conditions 
and are spread over areas ranging in average yearly rain­
fall from 150 mm. to over 700 mm. Three major agro 
climatic regions are differentiated in Tunisia: 
(1) The North, covering about one,fourth of the total 
land area and more than one-half of the arable 
land has grown on average 62 percent, 68 percent 
and 39 percent of the total acreage of durum 
wheat, soft wheat and barley respectively coming 
to about 55 percent of all cereals acreage. 
Rainfall here, ranges on average from 4 to 600 mm. 
per year, 500 mm. per year being considered 
adequate for wheat and barley dry farming. 
(2) The Center, covering 35 percent of total land 
area and about 40 percent of the arable land has 
comprised about 35 percent to 40 percent of all 
cereals grown. Rainfall here ranges mainly from 
250 mm. to 350 mm. per year. 
(3) The South accounts for about 40 percent of the 
land area, but for only 5 to 10 percent of arable 
land and of cereals acreage. This region 
constitutes Tunisia's share of the Sahara Desert. 
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Both the Center and the South are characterized by 
higher rainfall variability than In the North (see Tables 
2 and 3). Given the nature of the prevailing soils, i.e., 
soils with low retention capacity and low humic content, 
moisture carry-over from year to year and from season to 
season is very low making cereal's production in these 
two regions marginal at best. 
The distribution of farms by size groups is, as shown 
in Table 4, very unequal. It can also be seen from this 
table that the percentages of farmers deriving less 
revenues than an absolute poverty level of $150 per capita^  
is Inversely correlated with farm size, as is the reliance 
on a different economic activity. The key figure in the 
table can be derived by subtracting row 8 from row 7; 
more than one-third of Tunisian farmers (34.4 percent) 
have agricultural incomes below the absolute poverty level 
of $150 per capita and have no alternative sources of 
income. 
The size distribution of private, dry farming enter­
prises is, however, not as uneven as it appears from Table 4. 
A large portion of the irrigated areas consists of small 
farms. The author estimates that about 60,000 Irrigated 
A subsistence farmer with a gross revenue of $1,000 
would net about $900 of value added for an average family 
size of six persons. 
Table 4. Size distribution of farms in 1980^  
Units 0-10 ha 0-20 ha 20-100 ha Over 100 ha Totals 
No. of farmers 1,000 f 225 .4 296.0 54. 6 4.4 355. 0 
% of farmers % 63 .5 83.4 15. 4 1.2 100. 0 
Cropland area 1,000 ha 870 1,832 1,847 1,406 5,085 
Cropland area % % 17 .1 36.0 36. 3 27.6 100. 0 
Average farm size ha^  3 .86 6.19 33. 83 296.81 14. 3: 
% of area rented^  % 2 .5 3.5 3. 8 5.7 4. 4 
% farmers netting 
less than 500 dinars 
of gross revenue® % 83 .3 84.2 43. 1 11.0 74. 4 
% farmers having an­
other economic activity % 47 .6 43.1 24. 7 18.2 40. 0 
% farmers spending 
less than 6 months 
on the farm % 43 .5 38.5 16. 7 11.4 34. 8 
S^ource: (19). 
h^a equals about 2.5 acres. 
*T7he group of 200-500 rented 17.84 percent of the land they exploited. The 
percentages are for 1976. 
^^ The figures are for 1976, dinar equals about two U.S. dollars. 
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farms accounting for about 150,000 ha. are included in the 
0-20 ha. group. In addition, 271 public and semi-public 
(cooperatives) farms, all in the over 100 ha. group account 
for nearly 430,000 ha. The resulting distribution of dry 
farming enterprises is then as follows : the 0-20 ha., the 
20-100 ha. and the ovei 100 ha. groups account respectively 
for 80 percent, 18.5 percent and 1.5 percent of the total 
number of farms and 37.5 percent, 41.2 percent and 21.3 
percent of the total area. 
Three major farm types are usually distinguished in 
Tunisia in reference to cereal producing farms in partic­
ular. Modern, mixed and traditional technology farms are 
thought to correspond roughly to the three major size 
groups of over 100 ha., 20 to 100 ha. and less than 20 ha. 
respectively, the modern farms being the ones fully 
mechanized. Rows 4, 5 and 6 in Table 5 support this 
correlation between size and technology. A large portion 
of small, and especially medium farms use tractors, at 
least for seedbed preparation. Most of this usage how­
ever is done through rented tractors which translates 
into limited use and untimeliness of operation and 
consequently into mediocre seedbed preparation, a very 
common observation of Tunisian technicians and extension 
workers. It is estimated^  that 83 percent of cereals 
E^nquête Agricole de Base 1980, (19, p. 30). 
Table 5. Technico-economic characteristics of farms per size group in 1980^  
Units 0-10 ha. 0-20 ha. 20-100 ha. Over 100 ha. Total 
Average farm size ha. 3.86 6.19 33.83 296.81 14.32 
Average area in 
cereals^  ha. 1.54 2.37 12.54 83.50 4.94 
Average area in 
tree crops^  ha. 1.56 2.24 8.94 74.86 4.23 
No. farmers owning 
a tractord f. 1,080 1,750 5.720 2,720 10.190 
% farmers using 
tractors® % 40.0 45.5 73.3 100 50.5 
S^ource: (19). 
A^verages for the period 1976-1979. 
T^he figures are for 1979. 
^^ e figures are for 1976. Tractor use refers to use in seed bed 
preparation at least. 
Table 5. (Continued). 
Units 0-10 ha. 0-20 ha. 20-100 ha. Over 100 ha. Total 
No. workers 
per ha.® persons .66 .45 .13 .04 .20 
Nitrogen units 
per ha.f Kg/ha. 6.3 4.7 2.4 8,4 4.9 
Phosphates units 
per haf Kg/ha. 7.3 5.6 3.8 12.2 6.8 
806,000 males and 415,000 females worked respectively 13 and 15 days in 
March 1976, date of the survey. Of the total of 1,222,000 workers or 
about 45 percent of the total labor force, 854,000 were family labor, 
78,000 were permanent workers and 290,000 were part-timers. The 
figures in the table were derived from the single aggregation of these 
categories and constitute only a rough measure of labor intensity. 
A^mounts applied in the period September 1979 to March 1980. 
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acreage has mechanized seedbed preparation despite the 
fact that 79 percent of cereals acreage is on small and 
medium farms. 
The figures on fertilizer application are somewhat 
misleading for the small size groups due to the relatively 
high application levels on irrigated farms. The author's 
estimates would be in the range of 1.5 Kg/ha. on average 
for the size group of 0-20 ha. for both nitrogen and 
phosphates.^  
The small farm group of 0-20 accounted for 700,000 
ha. of cereal per year in the period 1976-1979, and for 
2 
about 316,000 tons of cereals output per year. Reserves 
O 
for seeds and family consumption would more than 
exhaust this production. These farmers can be considered 
essentially as subsistence farmers. It seems unlikely 
that more than 10 percent of the cereal output of this 
group is marketed. Similar reasoning that takes account 
of auto consumption needs for animal feeding yields 
T^unisian soils are rich in potash. 
2 Based on the author's yield estimates of 450,600 and 
750 Kg/ha. respectively for the three farm groups. 
O 
The National Consumption survey (21) gives 
figures of about 200 Kg. of per capita cereals consumption 
in the rural areas. With an average family size of six 
persons, the family's cereals consumption would exceed 
the average total production of an average small farm 
(1,200 Kg. vs. 1,050 Kg.). When account is taken of seed 
requirements (200 Kg.) and of some animal feeding, it be­
comes evident that this group is a net cereals buyer. 
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marketing percentages of about 40 percent and 67 percent 
for the medium and large size groups. These percentages 
would amount to about 36 percent for a national average 
confirmed by collection data for the years considered. 
Seed reserves would account for 15 percent, human con­
sumption for about 29 percent leaving 20 percent for auto 
consumption by animals, marketing in the parallel market 
and change in private stocks. 
Distribution, Prices and Policies 
The central role in the cereal marketing and distri­
bution system is played by the "Office des Céréales". 
This public agency, with some farmers' representatives on 
its board, is assigned four major functions: 
(1) Insure adequate supplies of cereals for both 
human and animal consumption. To this end the 
agency is empowered to buy as much of local 
production as is made available to it, assisted 
in this by two producers cooperatives, and to 
complement this collection by Imports for which 
it has a monopoly. The agency disposes of over 
140 buying (and selling) centers^  dispersed 
mostly in the North, and accounts in general for 
The collection centers have a storage capacity of 
about 122,000 tons. They are also used for fertilizer 
sales and administration of credit. 
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about 70 percent of the total official collection 
of cereals. Central storage facilities total 
320,000 tons, 127,000 of which are owned by the 
"Office des Cereales" and the rest by the two 
cooperatives. 
Figure 1 provides a summary description of 
the distribution system and gives the quantities 
of grain that went through its different compo­
nents and Table 6 presents the figures for local 
production, official collection and for net 
imports for the period 1970 through 1979. 
(2) Maintain local retail prices of cereals at 
acceptable levels for the population. This is 
done through a complex system of price and margin 
fixing and of subsidization that is illustrated in 
Table 7 for the year 1979. The net subsidization 
rates do not include subsidies and taxes that 
pertain to production inputs. The implicit subsi­
dization rates on imported grains are usually 
higher with import prices above base producer 
prices as in 1979 and lower otherwise.^  The 
The whole pricing system is based on local producers 
base prices. Differences arising from import prices are 
internalized somehow by the "Office des Cérëales" and 
possibly covered by government subsidies. 
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Table 6. Cereals distribution 1970-79 in 1,000 tons® 
Durum wheat Soft wheat Barley All cereals 
Total output 566 163 207 936 
Official collection 
Quantity 214 
Percentages (38) 
76 
(47) 
31 
(15) 
321 
(34) 
Imports 87 266 32 386 
S^ource: (90). 
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Imports 
Exports 
Local 
Production (950) 
Buying 
Centers h 350 
600 
Parallel 
Market 
(150?) 
1,010 
Auto Consumption 
(45Q?r 
440 460 
Flour Semoulina 
Milling Milling 
330 
Animal 
Feed 
Industry 
m ' 
260 
310 
Bread (310) Pasta (60) 
Flour (20) Semoulina (250) 
Sale 
Centers 
of Grain 
of O.C, 
Ilk 
Animal 
Consumption 
(450) 
eeds 
(140) 
Processed (640) Grain (380) 
J L. 
Human Consumption (1,020) 
Figure 1. Distribution system and 1979 flows in the 
cereals sector. Source: (83), synthesis of 
diagram on page 10 and of annex I. Units in 
1,000 tons 
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Table 7. Pricing and subsidization of cereals in 1979^  
Items Derivation Durum Soft Barley 
wheat wheat 
1. Base producer prices 7.600 7.000 5.500 
2. Transportation and 
handling 1.030 .910 .850 
3. Storage charges .420 .300 .240 
4. Subsidy for storage .420 .300 .240 
5. Subsidy on sale to 
mills/factory 2.237 2.198 3.350 
6. Subsidy on grain sales .630 .710 .650 
7. Milling margin .775 .775 
8. Baking margin 5.306 
9. Baking subsidy 2.080 
10. Production tax .546 .506 .407 
11. Cost of grain for 
grain sale (1+2+3)-10 8.504 7.704 6.183 
12. Net subsidy for 
grain sale (4+6)-10 .504 .504 .483 
13. Subsidy rate for 
grain sale 12:11 5.97. 6.5% 7.8% 
14. Net subsidy for sale 
to mills/factory (4+5)-10 2.111 1.992 3.183 
15. Subsidy rate for 
sale to mills/factory 14:11 24.8% 26.9% 51.5% 
16. Cost of 670 g. breads 
from Iql. of grain 11+7+8 13.785 
17. Net subsidy on 670 g. 
breads from Iql. 
of grain 14+9 4.072 
18. Subsidy rate 17:16 29.5 
19. Import prices (C.I.F. ) 8.400 7.360 5.600 
20. Cost of Imports for 
sale to mill/factory 19+3+trspt. 9.220 8.060 6.240 
21. Subsidy rate on 
imports sold to 
mill/factory (20-11+14): 20 31.7 29.1% 52.0% 
S^ource; (31) , quantities are in dinars per quintal. 
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rates are also much higher for processed grains, 
flour and bread, semoullna and barley used for 
animal feed. 
(3) The government also subsidizes Input prices, 
namely fertilizer. Improved seeds and credit. Fuel 
used In agriculture Is detaxed. These policies, 
along with Intensive research and extension 
programs are part of the government's efforts 
to encourage Increased production. The "Office 
des Céréales" has a substantial share in the 
formulation and implementation of these promo­
tional policies most notably through its 
"Projet Ble", or wheat project started in the 
mid sixties with the assistance of C.Y.M.M.I.T. 
to introduce, test and promote the expansion of 
the high yielding varieties of wheat and the 
techniques associated with them. 
The subsidies, which have reached extremely 
high levels in the late seventies (about 18 
million dinars for grain subsidization above) 
are covered by a special fund called "la Caisse 
Générale de Compensation", or C.G.C., using 
during the period 1975-1979 about 46 percent of 
the funds paid out. 
(4) During the years when import prices are lower 
than the local ones, the pricing system described 
19 
above constitutes a price support system to 
farmers. Also, since international grain prices 
have been subject to wide fluctuations, the 
stability of domestic prices, in nominal terms 
at least, has contributed to a lessening of risk 
and uncertainty already high due to the weather 
factors. Unfortunately, this effect is somewhat 
diminished by the fact that prices are set at 
harvest time, except for the last two years. 
Some of these policies of subsidization and of price 
and margin fixing date back to the colonial period, when 
their major aim was to provide France with cheap durum 
wheat. In the early sixties, the first major shift in 
agricultural development strategy occurred with the 
initiation of the first Tunisian development plan 1962-1964. 
Diversification and intensification, on a per ha. basis, of 
agricultural production were sought mainly through increased 
irrigation and expanded legumes and industrial crop acreages 
and especially tree plantations (more than 400,000 ha. 
planted in 1962-1971) and at the expense of cereals. The 
substantial drop in cereals acreage, however, was as much 
due to the extremely dry mid-sixties as to the impact of 
policies. The change in Tunisia's status from a net food 
exporter to that of a net importer prompted another shift 
in agricultural development strategy, food self-sufficiency, 
i.e., agricultural imports paying at least for food 
20 
imports, became the overriding objective in the 1970s. 
With the rather limited potential for rapid increases in 
fruit and vegetable exports, increased pressure is put on 
the cereals subsector to not only satisfy the still in­
creasing direct human consumption needs, but also to help 
feed a livestock subsector that needs high growth rates (5 
percent) just to keep up with the increasing demand for 
meat, milk and eggs. Taking the 1976-1980 averages, just 
to keep with current increases, cereal production would 
need an annual rate of growth of 4.6 percent. In fact,the 
Sixth Development Plan (76) assigns a target of 1,600,000 
tons to be produced in 1986 which amounts to a growth rate 
of 5.3 percent per year taking the 1980 production level of 
1,173,000 tons as a base of 6.1 percent using a middle year 
average of 1,000,000 tons in 1978. In the perspective of 
the long run, i.e., the year 2000 horizon, the author 
estimates that in order to meet the objectives of self-
sufficiency in cereals, an annual growth rate of about six 
percent is needed.^  These rates compare with two percent 
a year for the 1958-1978 period, 13 percent for the 1968-
1973 period that coincided with vast improvement in rainfall 
T^wo to 2.3 percent growth in human consumption and 
eight percent in feed grain production. 
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amounts and with the introduction of high yielding 
wheat varieties, and again only two percent for the 
1973-1978 period.^  
These expected performances also need to be viewed 
in light of important constraints. 
(1) The current agrarian structure where most of 
the cereals acreage is planted by small and 
medium size farms with little or no access to 
credit and modern inputs, improved seeds, 
fertilizer and mechanical traction. The use of 
the latter is necessary for adequate seedbed 
preparation being further handicapped by small 
parcel size (19). No change in the agrarian 
structure is being considered and the current 
programs aimed at the diffusion of Improved 
technologies are handicapped by the maladaption 
of most technical packages to the small farmers' 
needs and abilities. The difficulties in solving 
the market accessibility problems, the rather 
2 high average age of Tunisian farmers and by 
limits on importation of modern Inputs occasioned 
by balance of payment considerations. 
B^ased on five-year averages and middle period 
year references. 
2 Over 50 years. 
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(2) The current pricing policies, squeezed between 
the demands of low consumer prices and the need 
to maintain government subsidies at tolerable 
levels, have resulted so far in depressed 
producer prices. 
(3) The relative lack of knowledge of the behavior 
and responsiveness of cereal producers to prices 
and other policy Instruments as well as to 
climatic factors. 
Survey of Studies on 
Tunisian Cereals 
Numerous studies and reports dealing with Tunisian 
cereals are now available. A large portion of these are 
reports of successive planning subcommittees prepared in 
the context of the various national development plans. 
While there have been some changes in the kind of problems 
under focus and/or in the nature of the recommended policies, 
these documents relate essentially to problems in the 
production conditions of cereals in terms of the reluctance 
of farmers, particularly the small and medium ones, in 
adopting more rational and "modem" techniques, especially 
proper seedbed preparation and levels and timeliness of 
input applications. Government extension and credit 
programs are also identified and then evaluated. Beginning 
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with the fourth plan 1973-76 more attention has been paid 
to problems and policies pertaining to land tenure, 
marketing and prices. 
Costs of production of cereals were the object of 
attention in the mid 1970s (77,15)^ . These studies were 
based on farm surveys conducted in Northern Tunisia and 
focused on differences in costs and cost structure among 
farms of different sizes and among technologies and showed 
that costs in general increases inversely with yields from 
the large to the small farm and from the modem mechanical 
traction to the traditional animal traction technology (see 
Tables 1 through 4,especially). 
A more comprehensive type of study, of agricultural 
development in the Le Kef region (52), made similar 
differentiations but with a focus on agricultural revenues. 
In addition,agroclimatic conditions, mainly rainfall and 
soils were shown to affect yields, costs, cost structure 
and revenues. 
High yielding varieties of wheat were first introduced 
in Tunisia in 1967. Two studies in the early 1970s (9 and 
79) attempted to evaluate the expansion possibilities for 
these varieties. Yield production functions were estimated 
(^15) was only an adjustment of costs based on changes 
in prices from (77). 
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using farm data from reports of the "Projet Blé" (80) and 
they showed that the imported high yielding varieties were 
superior to the locally developed varieties only in areas 
with crop year rainfall of more than 450 mm. or between 
400 and 500,000 hectares. Purvis (79) further emphasized 
the Importance of "control" variables, i.e., seedbed 
preparation and timeliness of chemical applications to the 
performance of these varieties. 
Gafsl (26) and Gafsi and Roe (27) did a more thorough 
investigation of adoption conditions of high yielding 
varieties. Their conclusions as summarized by them were 
as follows: 
High yielding durum wheats were developed from 
domestic genetic material while the bread wheats 
were derived from Mexican genetic material.... 
Dissimilarities suggested that an excess demand 
exists for the high yielding durum wheat seeds 
and that the adoption of the bread wheats is more 
sensitive to risk and farm level conditions than 
are the durum wheats. The new durum wheats 
Increased technical efficiency by about 16 per­
cent while maintaining technical neutrality in 
inputs. Contrarlly, the new bread wheats were found 
to be inferior to the old bread wheats at low 
levels of fertilization and to be technically 
biased in Inputs. The relative differences in 
the new and old bread wheat varieties suggests 
that the adoption of the new bread wheats is 
more sensitive to farm level factor endowments, 
input and output prices and knowledge and 
experience as it relates to discovering the 
nature of the relative differences in the 
production surface of these varieties (27, 
pp. 22). 
Risk, uncertainty and farmer's attitudes towards 
them were shown to adversely affect acreages and yields, 
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the latter through their effect on input use levels, 
and hence production levels of cereals (73, 86 and 87). 
Studies of the cereals (13, 75) and fertilizer (29) 
marketing systems were essentially descriptive in nature 
but pointed out important bottlenecks such as the limited 
cereals storage capacity and the ineffectiveness of the 
fertilizer distributors in providing timely deliveries 
due mainly to the government controls on prices and 
marketing margins. 
Income elasticities of demand were developed from the 
household consumption surveys (21, 33 and 50) and were 
used to project human consumption of cereals for planning 
purposes. However, no price elasticities of demand are 
available. 
Early price studies were undertaken in the mid to 
late sixties (16, 17, 37 through 40). They involved 
essentially comparisons of prices paid to Tunisian wheat 
producers with prices paid to producers in other countries 
and to Tunisian producers of other crops and with various 
Tunisian prices indices. Also special attention was given 
to changes in the ratio of durum to soft wheat prices in 
an attempt to explain declines in soft wheat acreages. 
The main conclusion in these studies was that Tunisian 
wheat producers faced, from 1946 to 1968, essentially 
negative price incentives. 
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Preoccupation of Tunisian policy makers with cereals 
prices and pricing policy is illustrated by numerous notes 
and reports issued throughout the 1970s by various 
agencies of the Tunisian administration. Few, if any, 
questioned the principles underlying the existing pricing 
policies. However, a 1980 report of the "Commission 
Nationale des Prix et de la Compensation" (83) did suggest 
a gradual alignment of producers and consumers prices 
with international prices, this in view of noted steady 
decline of real producers prices and of the heavy burden 
on the government's budget of the present subsidization 
scheme. It also pointed out that the heavy subsidies 
were benefiting mainly the groups in the higher income 
brackets.^  
Other recent pricing studies (30, 51) were concerned 
with evaluating the degree of economic distortion occasioned 
by the differences between local and international prices. 
Also,two supply response studies were done in the 1970s, 
but both suffer major conceptual and empirical defects 
(2, 10). 
A^s shown above, the subsidy benefits bread buyers, 
i.e., mostly middle class urbanités. 
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Purpose and Scope of This Study 
The preceding review suggests the existence of major 
gaps in the analytical knowledge necessary for price 
policy formulation, specifically the responsiveness of 
aggregate supply and demand to prices and other variables. 
There have also been indications of an increased 
willingness by Tunisian policy makers to consider alter­
native pricing schemes and policies (83). 
The estimation of price elasticities of demand for 
food and feed grains from time series data may however 
not be possible at the present time due to the dominance 
of auto consumption in both food and feed grain uses, to 
the unavailability of data to estimate the derived demand 
for feed grains, and to the highly reduced interactions, 
between supply and demand, usually found under some kind 
of competitive market conditions, due to the price and 
margin fixing schemes in place for decades. 
Luckily and thanks to this limited interaction level 
and to the availability of long time series on prices, 
acreages, yields, production and quantities sold through 
the official market system, the separate estimation of 
cereals supply is possible. 
The aim of this study is to help bridge some of those 
knowledge gaps and to provide some analytical information 
that could be useful for policy evaluation purposes. 
28 
The focus will then be on the estimation of supply 
responses for the various Tunisian cereals using time 
series data for the period 1955-1980. Acreage and yield 
response functions will be estimated for durum wheat, 
soft wheat and barley will be estimated for the North 
and for the Center and South. Also,marketed output 
responses will be estimated using official collection 
data. 
29 
CHAPTER II. METHODOLOGY 
Theoretical Issues of Supply Responsiveness 
Total output response 
The issues of the nature and degree of farmers' 
responsiveness to prices and other market incentives 
depend on the nature of decision rules assumed to be 
used by the farmer. Various hypotheses have been formu­
lated as to the nature of the objective function (or set 
of goals), of the limiting constraint(s), and as to 
attitudes towards risk and uncertainty and the formation 
of expectations. 
In neoclassical economic theory, a positive supply 
response to output prices is thought to be conditional, 
among others, on two major assumptions. First, that of 
the economic rationality of producers, i.e., optimizing 
behavior, and second that this rationality is applied to 
the achievement of a single objective, the maximization 
of returns. Milton Friedman (25) proposed two massive 
arguments in support of these two assumptions, first a 
survival argument, "unless the behavior of businessmen 
in some way or other approximated behavior consistent with 
the maximization of returns, it seems unlikely that they 
would remain in business for long" and second, that of 
the failure of the assumption's practical implications 
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CO be refuted by the empirical evidence. "The evidence 
for a hypothesis always consists of its repeated failure 
to be contradicted, continues to accumulate as long as 
/ 
the hypothesis is used, and by its very nature is difficult 
to document at all comprehensively" (pp. 22-23). 
While the rationality hypothesis in the context of a 
developed economy has been little contested, that of a 
single goal of returns maximization has been challenged 
on the grounds of the existence of alternative goals of 
the producer, such as increasing or maintaining market 
shares, securing a minimum rate of profit etc., another 
counter argument consists in the coexistence of many goals 
whose simultaneous achievement may be impossible under 
conditions of cost minimization that is necessary for 
maximizing returns. These counter arguments notwith­
standing, the general consensus however, supported by a 
large amount of evidence, is that supply response to 
prices, at least in the short run, is positive. This, of 
course, is thought to be particularly true for a developed 
agriculture whose conditions most resembles those assumed 
for the theoretical case of perfect competition. 
The validity of these two hypotheses and implicitly 
that of a positive supply response to prices are questioned 
more strongly in the context of developing countries 
especially with respect to small farmers producing mainly 
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for the family's subsistence. The main argument rests 
on the assumption that the subsistence farmer stays bound 
by traditional values. He does not seek information on 
market forces and/or does not respond to them. Also, 
because of his knowing only a low standard of living, he 
has limited wants and hence would have no incentive for 
Increasing his production once the family's basic needs 
are satisfied. These arguments were put forward mainly 
by sociologists and anthropologists, but two well known 
economists Myrdal (63) and Seers (89) argued the inappli­
cability to subsistence agriculture of models constructed 
in the context of developed economies on similar lines of 
reasoning. 
Schultz (88) and Jones (42) however, argue and present 
evidence that traditional farmers do behave rationally. 
Interact with market forces, and overall produce efficiently 
when viewed within the framework of their traditional 
environment. Wise and Yotopoulos (95) measured an index of 
economic rationality for an underdeveloped agricultural 
region in Greece. Their results were that a lower bound 
for this index was .66 out of a theoretical maximum of one. 
Marketed surplus response 
Arguments for a perverse supply behavior have been more 
persistent with regard to the responsiveness of the marketed 
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surplus. Mathur and Ezeklel (58) restate the limited 
wants hypothesis in terms of a fixed cash requirement. 
As prices increase, the farmer needs to sell less to 
satisfy them and allocates more of his output to family 
consumption. Krishnan (49) replied that this cannot be 
valid for a farmer at the subsistence level, but that for a 
farmer above it, who is both consumer and producer, a 
price increase causes a net rise in his real income and a 
subsequent rise in the family's consumption in view of the 
positive income elasticity of the latter. 
Krishna (48) using parameter values applicable to 
India, showed however that even when taking the real 
income effect into account a negative response of the 
marketed surplus is still unlikely. 
Direct estimates of the responsiveness of the marketed 
surplus are rare. Medani (59) however, presents rather 
interesting results that were derived from a 600-farm 
survey in Sudan. For the four traditional farm groups, 
producing a staple food crop, sorghum grain, the response 
elasticities, mostly highly significant were as follows : 
short run elasticities of the marketed surplus: .18 to .24 
long run elasticities of the marketed surplus: .25 to .37 
The higher values were for the farm groups with a higher 
degree of involvement with market mechanisms. 
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The interest in the marketed surplus arises from the 
need to supply more food to a rapidly increasing urban 
population. More output is needed to meet this increased 
demand as well as to improve the nutritional level of 
rural populations generally undernourished. Hence, although 
micro-economic supply responses may present an interest by 
themselves, their ultimate effect on aggregate respon­
siveness is even more important. Agriculture in developing 
economies is generally characterized by duality in 
production conditions, i.e., the coexistence of large 
commercial farmers and of small subsistence farmers. 
Even if the latter have a negative price responsiveness, 
aggregate response may still be positive if the commercial 
farmers contribute a large share of rot il output and/or 
of the marketed surplus. Furthermore, even if the share of 
commercial farmers in total output is small, their share 
in total marketings is likely to be much larger. Hence, 
it is very improbable that an aggregate marketed surplus 
response to prices shows negative. 
A supply response model of subsistence farmers 
Let us consider the case of a farmer growing a staple 
food crop on which both the family's on-farm consumption 
and the farm's cash revenues depend heavily. For 
simplicity's sake, let this crop be the sole crop grown 
on the farm. Now, let us assume that this farmer maximizes 
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the cash revenues from this crop after allowance is made 
for the family's consumption which may vary with the level 
of his total output. This can be written as 
(2.1) maximum R - CQ~F(Q)] ~ C(Q) 
where R is cash revenue, the output price, Q total 
output, F family consumption and C is total cost of 
producing Q, 
The first order condition is 
and the second order condition is 
(2.3) A - - (Pq • 
dQ' dQ" dQ' 
and total differentiation of (2.1) yields 
(2.4a) (1-&- (^ q^  + ^ )dQ - 0 
dQ'^  dQ"^  
(2.4b) or (l_^ )/(P^ g+0) 
The denominator in the right hand side of (2.4b) is 
positive from (2.3) and, hence, a necessary and sufficient 
dF 
condition for a positive supply response is that ^ < 1. 
If we consider a farmer so small that his total farm 
output is insufficient to satisfy the family's minimum 
consumption requirement, we would expect him to be a net 
buyer of the staple food, using cash from sources outside 
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his farm such as transfers and/or secondary non-agricul-
tural activities. The model in (2.1) would not apply, 
but surprisingly the farmer's total output response to 
price can be shown to be positive and furthermore he would 
produce at Pareto optimum.^  
Now, for a farmer above the subsistence level, the 
condition ^ >0 will be satisfied unless the products 
other than the staple food are an inferior good as a group. 
Furthermore, the possibility of saturation, i.e., of the 
staple food becoming an inferior good would likely increase 
with the farmer's income level and consequently with the 
farm size, raising a potential for ^  being less than zero. 
Hence, for large farmers it can be safely assumed that 
F(Q) - F, i.e., ^  - 0 and the model reduces to the 
classical profit maximization case. 
The issue of the marketed surplus needs be raised 
only with respect to the latter case. The marketed 
surplus is simply M • Q-F(Q) which implies that 
The farmer would maximize family consumption from 
production (Q) and from buying (B) subject to his cash 
constraint, i.e., maximum L • Q+B - Xf^ -BP -C(Q3 . 
• q jp 
Derivation of the first order conditions yields: P - % 
which satisfies Pareto marginal efficiency.  ^ 1^ 
Similar results would be obtained using a model _ 
minimizing the cost of a given subsistence requirement F. 
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(2 5') (1-#) 
and in terms of the elasticities, 
(1-#) 
(2.5b) Em-Eq 
and hence,gp and EM are positive whenever ^  and Eq are 
q q 
positive. Note also that 
(2 5c) i -
which is positive if 1; in fact to the extent that the 
aggregation over the different farm types is valid, a value 
can be estimated for the aggregate marginal propensity for 
auto consumption out of total output. From the relation 
above,we obtain 
(2 5d) - § (1-^ ) or ^  
where E^  ^ Q the output elasticity of marketed 
output. 
The case where 0< 1 is illustrated graphically in 
Figure 2 below. 
dF The implications derived from the condition ^ <1, that 
both total output and the marketed surplus are positively 
responsive to output price will constitute the major 
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P q 
dC ^  P.dF 
P q 
Q, Q, 
Figure 2. Supply response of a subsistence farmer 
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hypotheses to be tested in this study. Another issue of 
interest will be the effect of the level of total output 
on the marketed surplus, 
Empirical Models of Agricultural 
Supply Response 
Alternative approaches to supply estimation 
Various empirical approaches have been used to 
investigate farmer's supply responsiveness. Production and 
cost functions, farm budgeting and programming approaches 
as well as regressions on data from farm sample surveys have 
been applied to the estimation of both individual and 
aggregate supply functions. Spatial equilibrium models and 
time series analysis have been used essentially to identify 
aggregate supply relationships. An excellent exposition 
and discussion of these alternative approaches is provided 
in (35). Among other conclusions to this work, Diesslin 
and Staniforth note that: 
Much of the supply analysis of time series data 
has been in the form of regression analysis. 
Exhaustive review of regression applications 
indicated that regression has rather limited 
usefulness in supply analysis. 
The major single limitation is that it 
cannot be used for prediction in light of new 
variables and structures (35, p. 294). 
Due to the limited data availability, this study's 
approach will nonetheless be based on regression analysis 
of time series data. 
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Nerlove's model of agricultural supply response^  
Nerlove's work (64 through 70) constitutes a major 
turning point In agricultural supply analysis in general 
and more specifically in time series analysis of supply 
response. Its major contributions are the effective 
empirical separation between the long and the short run 
components of supply responsiveness to prices and the 
incorporation of a realistic formulation for price 
expectations in supply analysis. 
Nerlove identifies three major components of output 
changes in response to a price change ; 
The effect of the change in price on the expected 
level of future prices...the effect of a change in 
the expected level of future prices on the long run 
equilibrium level of output...the effect of a change 
in the level of the long run equilibrium output 
upon current output (66, p. 62). 
The second effect is simply the basic long run 
relationship and can be written in linear form for 
simplicity as 
(2.6) 4-^ 0* «1 + "t 
The author recognizes an Immeasureable debt to H. 
Askari and J. T. Cummings who provide in (7) both an 
excellent discussion of the features of the Nerlove model 
and extensive review of the studies that used it through 
1975. This section is heavily inspired by Chapters III 
and IV of their book. 
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where is the desired or planned long run equilibrium 
level of output. P® is expected output price in period t, 
ag and a^  are parameters expressing the supply relationship 
and is a disturbance term. When equation (2.6) is 
expressed in logarithmic form, a^  would be the long run 
price elasticity of supply whose sign and magnitude were 
the subject of the preceding section. 
The first effect is due to the fact that farmers are 
forced into the position of making decisions regarding land 
allocation between crops and application levels of inputs 
long before their output reaches the market place. In 
order to make these decisions, farmers have to make 
assumptions as what their selling price would be. 
Naturally these expectations of future prices tend to 
rely on past actual price(s). Nerlove uses Hick's 
relative approach to expectation formation which hypotheses 
that entrepreneurs in general, farmers in this context 
compare their past expectations with actual past prices 
and adjust their future expectations in direct relation to 
the deviation of past expected prices from past actual 
prices. This can be written as 
(2.7a) P* - + f(Pt.i-Pc.i) 
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where y?Is the expectations adjustment coefficient with a 
value between 0 and one, and and are respectively 
actual and expected output prices in period t. 
A much simpler formulation of price expection is the 
Cobweb model which states 
(2.7b) P® . 
and would seem rather simplistic in the context of a 
developed market economy, since it implies a rather short 
memory on the part of farmers. Equation (2.7b) may 
however hold under the controlled market conditions which 
prevail in Tunisia, since official cereal's prices have 
been maintained constant over long time periods. Note 
also that (2.7b) represents a special case, in a mathe­
matical sense of (2.7a) in two ways, either when^ -1 or 
when ^ t-l'^ t-l be the case when actual prices have 
been constant for a while. 
The third effect simply reflects the fact that a 
farmer is better able to adjust fully his output level to 
a price change, the longer the time elapsed since its 
occurrence. A Tunisian cereals producer using animal 
traction would react to an increase in wheat price by an 
increased application of fertilizer and/or herbicides. 
Increases in acreage planted and further increases in 
yield may require, however, the use of a tractor. Due 
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to limited cash availabilities, buying a tractor may be 
delayed until he gathers enough savings and/or obtains 
sufficient credit. Uncertainty and riskiness attached to 
this new technology may further delay this decision. 
Even for a large farmer,the replacement of an old and 
obsolescent tractor by a new, more productive one with a 
simular cost may not become profitable until amortization 
of the old tractor has proceeded further due to the likely 
drop in resale value of the obsolescent machine. Askari 
and Gummings summarize succinctly and clearly Nerlove's 
formulation of this effect due to the existence of fixed 
factors : 
Nerlove then turns his attention from short-run to 
long-run adjustments to changes in price expectations. 
He reviews the conventional distinction between 
short- and long-run elasticities and the inherent 
conclusion that the former must be less than or equal 
to the latter since the longer the time period 
available to the supplier in which to make output 
adjustments the more options regarding changes in 
inputs are available. Thus the reaction, over time, 
to changes in price expectations takes the form of 
a distributed lag. But the largest one-period shift 
most likely occurs in the first relevant period 
following the change in expectations (7, p. 30). 
Nerlove expresses this in a manner similar to that of 
price expectations 
(2 .8 )  Wl  
where is current output and is the desired, or 
planned, long run equilibrium level of output in period t, 
and y is the output adjustment coefficient. 
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Equations (2.6), (2.7a) and (2.8) constitute the 
basic structure of Nerlove's lagged adjustment model of 
supply response. But since both expected output price P® 
and planned output are not observable variables, 
direct estimation is not possible. Nerlove applied two 
approaches, the first method consisted in solving the 
first difference equations (2.7a) and (2.8) which, thanks 
to some simplifying assumptions, yield respectively 
(2.9) P* - Z P„ 1 
^ s-0 
(2.10) K ' ^ y(i-y)^ "® 
 ^ S-0 ® 
and using two iterative maximum likelihood procedures to 
estimate the coefficients ag, a^  and The number of past 
actual prices included in the iterations was varied to 
evaluate its impact on those estimates. Nerlove then 
compared these results to those derived by applying 
ordinary least squares procedures to the reduced form 
that can be derived by substitution from the set of 
equations (2.6), (2.7a) and (2.8). 
(2.11a) X^  - aQj3y+ ^ i^ t^-l + [(l-^ )+(l->')] -
(l-f)(l-y)Xt_2 + Ut-(iTP)yUt_i 
alternatively expressed as 
(2. lib) - TTg +Vt-1 +%-! +%.2 
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Critique of the Nerlove model 
The use of Nerlove's dynamic supply model showed 
marked improvements over earlier static models, mainly 
in terms of the significance levels of the estimated 
price coefficients and of the coefficient of determination, 
2 R , of the fitted equations (66, 69). Several problems, 
of a conceptual, econometric and empirical nature, were 
however raised with respect to this model. 
The model suffers also from an identification problem 
that arises when the reduced form (2.11a) is used for 
estimation (66, pp.64-65 and 7, pp. 31-33). This problem 
consists in the impossibility of separating and y since 
they enter (2.11a) symmetrically. It is possible, however, 
to identify short run and long run price elasticities of 
supply.^  In an attempt to solve this problem, Nerlove 
suggests two possibilities, one is to incorporate any a 
priori knowledge concerning either or y or both. In 
particular if there is reason to believe that either 
equals unity then the coefficient of equals zero and 
the rest of the parameters are uniquely determined. The 
other solution consists in the incorporation in equation 
1 _ A A A A A 
The product p • yean be identified:/?* V » l-(7r«+7r-) 
and theAlong run elasticity can be calculated:  ^  ^
A 1^ A 
1^ " l-(^ +^ ) Che short run elasticity is simply 
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(2.6), of an additional variable thought to affect X^ . 
This, however, can be shown to create a different identi­
fication problem 
(2.12) Xc - »0+«l P* + a2:c + "c 
yields the reduced form 
(2.13a) - aQ)9>M-aj^ /3yp^ _^  + [(l-)9) + (l-f/jx^ ,! -
(i-f)(i-y)Xt_ 2  + + a2(i-f)yzc_i + 
yUc-(l-#)yUt_i or 
(2.13b) X^  ' Wt-1 + Vt-1 +Vt-2 + Vt + 
Vt-l + ^ t 
A  
and we have six equations in the estimated . ..TTg and 
the five unknown parameters, P,y , a^ , a^  ^ and ag and 
hence it is possible in general to obtain two values for 
each of these parameters (7, p. 48). 
Other conceptual problems concern the constancy of 
and/or y, assumed implicitly in Nerlove's model. Farmers 
may change the way they form price expectations with 
changes in their income level, in their education or simply 
with a longer exposure to market mechanism as pointed 
out by Askari and Gummings (7, pp. 40-41). They also 
raise the possibility of p being affected by factors other 
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than past output prices. It should also be noted that 
changes in the institutional environment may also affect 
both P and 
Technological change, such as new varieties or a 
gradual shift towards mechanization, and institutional 
change such as increased credit availability may also 
cause changes over time in y, a^  or both. With respect 
to y, Âskari and Cummings first note that: 
...in fact the basic relationship between expected 
prices and cultivator reactions seems better 
expressed not so much in terms of harvested tonnage 
(dependent, for example, on such extraneous matters 
as secular variations in weather) but rather of 
planted and harvested acreage. Planted acreage is 
generally the best available method of gauging how 
cultivators translate their price expectations into 
action....Thus past prices, actual and expected, 
weighted naively or sophisticatedly, are postulated 
to affect planting decisions primarily (7, pp. 41-42) 
and then later the Nerlove model assumes that the 
output adjustment coefficient, y...remains constant 
over the time period in question. Yet obviously, 
as output increases, generally more and more land 
will be needed for production. This would usually 
infer that cultivators will be employing increasingly 
inferior land. If their ultimate aim is to increase 
output, it seems unlikely that the amount of 
additional area brought into cultivation, per unit 
of output, will be constant over time (7, p. 43). 
They then relate that the most common methods of taking 
into consideration these changes over time in fi and v 
T^his effect may have occurred in Tunisia in two 
instances since the country's independence, the first 
when the colons were expropriated in 1962 and the 
second when the government started the expansion of forced 
cooperative management to all agricultural land in 1967 
through 1969 when it had to reverse the policy under heavy 
popular pressure. 
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consist of the reformulation of equation (2.12) as^  
(2.14) x2 - ag + ajtl + 
of equation (2.7a) as 
(2.15) - P*.i + 'iOrtx-Vl> 
or equation (2.8) as 
(2.16) - X;_1 . y(x2.X;.i) + «2(?*.1-Yc.i) 
where , expected yield is expressed as 
(2.17) - Yt_i - bi(Y*_i_Yc_i). 
Note here that the problems posed by the potential change 
over time of parameters assumed to be constant is not 
specific to the Nerlove model. They are of course charac­
teristic of any time series analysis, and in the specific 
case of supply response. The identification and quantifi­
cation of supply shifters usually pose great difficulties. 
The first type of empirical problems facing the user 
of the Nerlove model is that of quantification of its 
variables, especially prices, nominal versus deflated 
ones, which deflator to use and acreage, planted versus 
harvested, the latter being more commonly available, 
while the former, as mentioned above, is more adequate. 
Acreage may also be expressed in terms of total area, of 
(^7, p. 43, equations (4.2) through (4.5)) with some 
of the symbols being different. 
48 
percentage, of first difference, such as X^ -X^  ^  or ratio 
such as X^ /X^ .^ The second type is econometric in nature, 
and is usually present when least squares methods of 
estimation are used. Serial correlation in the disturbance 
terms of the reduced forms (2.11b) and (2.13b) and multi-
collinearity that arises when the dependent variable is 
included twice in the right hand side and/or when more 
than one price is used, are the most common problems. 
These empirical problems will be discussed below in the 
section on empirical procedures. 
Askari and Gummings in their extensive review (7) 
show that most "post-Nerlovian" studies have incorporated 
some modifications in the specification of the Nerlove 
model, such as special adaptations to perennial crops and 
livestock, changes in the foraulation of the three basic 
equations (2.6), (2.7a) and (2.8), inclusion of additional 
variables such as time trend, weather, risk, etc., and/ 
or changes in estimation procedures aimed at palliating 
the identification and econometric problems mentioned 
above. 
Supply Response Models 
for Tunisian Cereals 
Factors affecting supply responsiveness of Tunisian cereals 
As mentioned in the Introduction, the peculiar 
characteristics of the cereals market in Tunisia precludes 
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the simultaneous estimation of aggregate supply and 
demand. Consequently the estimation will focus on acreage 
responses, yield responses and marketed output responses. 
First let us identify the factors that affect directly 
the levels of these variables, Table 8 presents a summary 
of these expected effects. 
(1) All three types of Tunisian cereals producers are 
expected to have a positive responsiveness to 
changes expected output prices with respect to 
acreages, yields, total output and marketed out­
put. Given the government's price fixing 
procedures, the constancy of nominal prices over 
a few years period^  and the relative constancy of 
the inflation rate, the formation of expectations 
is expected to conform to the Cobweb model with 
respect to both nominal and deflated prices, i.e., 
t^ " ^t-l-
(2) The effect of the prices of the competing crops 
is of course expected to be negative. In Northern 
Tunisia, where three- and four-year rotations 
E^xcept in the late seventies. 
2 Three to five percent a year throughout most of the 
1955-1980 period. 
Table 8. Factors affecting supply response of Tunisian Cereals* 
Acreage Yield Total 
output 
Marketed 
output 
Measurement 
Expected price of output + + 
Expected price of other 
cereals - -
Expected price of other 
crops 
Expected price of inputs 
Expected yield + + 
Acreage 
Total output 
Weather variables + + 
Risk - -
Institutional factors 
Technological change + 
+ + 
+ + 
+ 4-
+ + 
+ + 
+ + 
+ + 
Nominal or 
deflated 
Nominal or 
deflated 
Nominal or 
deflated 
Nominal or 
deflated 
Past yields 
Total cere­
als acreage 
Aggregate 
output 
Seasonal &/ 
or crop year 
rainfall 
Rainfall 
variability 
Dummy 
variables 
Direct mea­
sures , time 
or dummy 
is for a positive response, - is for a negative response. 
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prevail, the degree of crop competition can 
be summarized as follows : 
In the first year, hard wheat is by far the 
most preferred crop with some competition from 
soft wheat. 
In the second year, hard and soft wheats, as 
well as barley compete about equally for land use. 
In the third year, fallow will dominate in 
the drier areas and in more humid zones forage 
crops and barley are strongest. 
In the fourth year, if any, fallow, forage 
and barley are the main competitors. 
In summary, hard wheat's main competitors 
are soft wheat and barley, the latter to a 
lesser degree. Soft wheat receives strong 
competition from both hard wheat and barley. 
Barley has both wheats for competitors and also 
has to fight against forage and fallow. We 
should note here that land is put to fallow in 
order to rest the soil and store moisture for 
the next crop which is most often hard wheat. 
Fallow is also grazed by both beef and sheep 
herds. Since forage, and most of the barley is 
used by livestock, mainly beef, livestock 
production is both competitive and complementary 
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to cereals production. Since farmers make their 
planting decisions in period t-l, expected live­
stock prices are expressed similarly to output 
prices. 
(3) Prices of inputs, more specifically those of 
nitrogen and phosphate, the major variable 
factors affect application levels, and hence 
yields, negatively. They may also affect 
similarly planted acreage through an effect on 
expected yields. Farmers might buy fertilizer 
at planting time, at fertilization time, or any 
time in between. Hence, their decisions might 
be affected by observed fertilizer prices in 
period t or in period t-1. 
(4) The higher the expected yields, the better the 
expected returns from cereals and the more 
acreage is planted. Higher yields can be 
expected with higher rainfall before and during 
the planting season. Also,higher past year's 
yields will increase this year's yield expecta­
tions. This latter measure will also provide a 
proxy for technological change. 
(5) The critical weather variable under Tunisian dry 
farming conditions is of course rainfall. The 
high seasonal variability mentioned in the 
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first chapter makes the breakdown of the total 
crop year rainfall among seasons a necessity for 
separating their effects on yields.^  
(6) As total acreage in a region is increased, more 
marginal lands are put to cultivation occasioning 
a likely drop in average yields. 
(7) The level of aggregate output is expected to 
affect positively the level of marketed output. 
(8) Tunisian wheat producers have been shown to be 
risk averters, at the farm level (26, 27, 73, 
86 and 87). This attitude is expected to reflect 
itself at the aggregate level provided we have 
the appropriate measures for risk and/or 
uncertainty. The major source for these are 
weather variability and unpredictability. 
Coefficients of variability of rainfall or of 
yields over some number of past years should 
normally provide an adequate proxy. An indirect 
measure may also consist in the rainfall during 
the planting season, the lower this variable is, 
the higher the riskiness of planting will be. 
R^ainfall affects yields directly and indirectly, 
through a complementary effect with that of fertilizer 
(9 and 79). 
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(9) À mixture of technological and institutional 
factors appears to have had a positive impact on 
cereals yields. A steady shift away from tradi­
tional techniques of production characterized by 
use of animal traction, low application levels 
of fertilizers, planting of self produced non-
improved seeds. High yielding varieties of soft 
wheat, imported, and of hard wheat, endogeneous, 
were introduced and saw some expansion in their 
acreage in the 1970s especially in Northern 
Tunisia. This long run shift may have been 
facilitated by improvement in the institutional 
environment consisting in increased availability 
of tractors, of other inputs of credit and of 
extension services. Accessibility to output 
and input markets also improved thanks to 
substantial investments in roads and transpor­
tation facilities. The multiplicity of these 
factors and the difficulty of their measurement 
appear to make time the best proxy for them 
especially in view of their strong correlation 
with the trend. 
For the central and southern regions the same factors 
are at work even though the two- or three-year rotations, 
with a higher frequency for fallow in the second or in the 
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third year, prevail. The lower rainfall and its higher 
degree of variability makes it however more of a determining 
factor than for the northern region for both acreages and 
yields. 
One last factor, affecting acreages in both regions, is 
constituted by the rather substantial areas that have been 
taken away from the annual dry farming rotations by 
irrigation and most importantly by tree plantings. This 
substitution is of course due partly to changes in relative 
prices and other incentives but also to land appropriation 
laws that indirectly made it easier for individuals to 
appropriate land previously under communal ownership. This 
aspect makes it difficult to incorporate an appropriate 
measure for this factor. 
The estimating response functions 
Nerlove's dynamic supply approach will constitute the 
basis for the acreage response functions to be estimated. 
There will, however, be two alternative formulations for 
price expectations and the famous variable will be 
included. The reduced form equation (2.13b) above incor­
porates Nerlove's formulation for price expectations and a 
variation on the reduced form equation (2.11b) will incor­
porate the Cobweb type of expectation formation. 
56 
Let 
(2.13b) - TT 
Vt-1+ ^t and 
(2.11b) +Vt+ ^  
be the basic estimating equations for acreage responses. 
Initial variations of these equations will concentrate 
on the functional form, linear versus logarithmic, and on 
the nature of the variable time versus rainfall during 
the planting season. 
Since our main hypothesis is that Tunisian cereals 
producers form their price expectations according to the 
Cobweb model, the next variations will concern only 
equation (2.lib)unless the initial runs shows it to be 
inferior to the other equation (2.13b). To this end, prices 
of other cereals, prices of beef and lamb, past year's 
yield and risk, as measured by the variability coefficient 
of crop year rainfall in the past three years, will be 
added separately or in combination with each other. 
For the Northern region, and for each crop, the model(s) 
with the better overall results, in terms of the determina» 
2 tion coefficient, R , and of the significance levels of the 
estimated coefficients, will then be reestimated using alter­
native periods for the calculation of the planting season 
rainfall. These will be the September-October, the 
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September-November, the September-December and the August-
November periods. For the Center and South region only 
the September-December period will be used due to later 
planting time. 
All prices included in the acreage response functions 
will be deflated by the wholesale price index for agricul­
tural products. Once the planting is done, farmers can 
affect yields through the application levels of variable 
inputs, mainly fertilizer. This decision is affected by 
output prices, fertilizer prices and rainfall up to the 
application time and once it is made the final level of 
actual yield is affected by exogenous factors, weather 
related mostly and especially by rainfall. Since planned 
yields cannot be measured, we have to rely on actual 
yields as the dependent variable. The relationship between 
these two variables can be expressed, in linear form for 
the sake of simplicity, as 
(2.18) Y* - Y? + 
where Y^  and Y^  are respectively actual and planned yield, 
and is the net contribution of exogeneous factors on 
actual yield in period t. Two basic models can be formu-
lated for actual yield, one expressing output and inputs 
prices separately and the other incorporating them in terms 
of ratios, respectively 
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(2.19) Y® - «Q+«iP° + «2^  ^+ «3?^  +c%R(. + and 
(2.20) Yf - a- + a,p" + o,pP +a,R^  + 
to 2p- 3p— 4 t t 
O O 
where P° is price of output, ?" and are respectively 
nitrogen and phosphate price and is rainfall, and 
being the error terms. 
Prices in (2.19) will be expressed in nominal terms 
or may be deflated by the wholesale price index for 
agricultural products. In (2.20) we only need express 
them in nominal terms. Input prices will be incorporated 
with and without a lag of one period alternatively. 
Seasonal rainfall will be measured for the periods 
of September-December, January-March, and April June; 
crop year rainfall will cover the period September-June. 
There will usually be more than one rainfall variable in­
cluded and the main combinations to be tested will be 
either crop year rainfall and one of the seasonal rainfall, 
or the three seasonal rainfalls. 
The other variables to be included, combined or 
separately, are time, past yield and/or current acreage. 
Finally both linear and logarithmic functional forms 
will be used. 
The marketed output responses will be expressed in 
the rather simple form 
(2.21) - bQ+bj^ Q^ . + bgPf + 
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where and are actual marketed and total output 
respectively and is output price deflated by the whole* 
sale agricultural price index, all in period t, being 
an error term. Linear and logarithmic functional forms 
will be used. Another variation will be using the 
percentage of output marketed, as the dependent 
variable. 
Acreage and yield responses will be estimated 
separately for each cereal, hard wheat, soft wheat and 
barley in each of the two major regions, the North on 
one hand and the Center and South on the other. Acreage 
response for all cereals will be estimated also for each 
region and for the whole country. Marketed output 
response will be estimated for the three crops and for 
all cereals on the national level. 
Estimation Procedures and Problems 
The data set 
The data to be used in this study can be classified 
in three major categories: 
(1) Data characterized by little or no measurement 
errors, which consists of the official nominal 
producer prices for the three cereals, of the 
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official nominal prices for nitrogen and 
phosphates and of the output quantities sold to 
the official marketing agencies. 
(2) Data derived through averaging and/or indexing 
from data of the first kind described above. 
Rainfall data for the North were derived by simple 
averages of monthly rainfall reports of five stations. 
Jendouba, Le Kef, Makthar, Mateur and Tunis-Carthage, all are 
located in major cereals producing zones. The Beja zone, 
another major cereals producer is not represented due to 
a discontinuity in the reporting of its station from 1960 
to 1967. Whenever one station had a missing one month's 
observation, the latter was substituted for by the corre­
sponding observation from the nearest station in the zone. 
The stations used for the Center and South averages 
were Kalrouan and Kasserlne from the Center and Gafsa from 
the South. None of them had a complete monthly report for 
the crop year 1959 and Kasserlne had some missing monthly 
observations in 1957 and in 1958. Substitution from nearby 
stations was used again. 
The average cereals acreages for the zones Included 
in the rainfall calculations for both regions, were of the 
same order of magnitude, hence the reason for using simple 
averages. However, both yearly rainfall and acreages may 
move in any one year in different directions for different 
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zones. The averaging process by smoothing out the larger 
variations in any one zone may cloud the actual effects of 
rainfall on acreages and yields. 
Lamb and beef prices are weighted averages of prices 
received in the municipal slaughterhouses in the zones' 
capitals (Siege des Govemorats) . The number of these 
has changed during the period considered, generally 
increasing from thirteen in 1956 to seventeen in 1975 and 
thereafter. In addition prices reported after 1972 were 
practically floor prices guaranteed by the official whole­
sale meat agency, the "Société Ellouhoum". Prices received 
in smaller towns and in rural areas may have variations 
all their own, although they were generally higher than 
prices offered by "Société Ellouhoum" and/or the private 
butchers at the official slaughterhouses. 
The wholesale price index for agricultural products is 
of a Laspeyres type. The initial base year used was 1940 
and was changed only in 1970. The index during the period 
1955-1969 can only constitute a rough approximation for 
the trend in agricultural prices since the relative 
importance in terms of output of the different crops 
changed substantially over the rather long 1940-1969 
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period. Since che other price Indices suffer from the 
same defect, this Index will be used as a deflator when­
ever necessary.^  
The last variable In this category Is risk, measured 
2 by the variability coefficient of crop year rainfall of 
the past three years. It Is not expected that this would 
either summarize adequately farmers' perception of the 
riskiness of their planting decisions nor show any signif­
icance as an explanatory variable. Yield variability Is 
expected to be highly correlated with rainfall variability 
and does not offer much of an alternative. 
(3) The remaining variables are all constituted by 
estimation. Acreage, yield and total output 
quantities are usually a compromise between 
estimates of three to four agencies in the 
Tunisian Ministry of Agriculture. Field surveys 
were conducted in the early 1960s, discontinued 
for a while, to be started again in 1975 (19 and 
20). The latter surveys' estimates of planted 
and harvested acreage still had to be cross 
checked against other estimates. In summary the 
N^ote that fertilizer prices will also be deflated 
by output prices in the yield equations. 
2 Standard deviation divided by the mean. 
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continuous data series on acreages is constituted 
by estimates of harvested acreage. In years of 
bad rainfall, but with a promising planting 
season rainfall, planted and harvested acreages 
may differ substantially, especially for barley 
which can be grazed or cut for fodder. There is 
in addition a slight presumption that the 
estimation errors may have declined in relative 
importance over time, as the various technicians 
involved in the estimation gained experience and/ 
or Improved their techniques. The relative level 
of estimation errors is likely to be much higher 
for the Center and South for two reasons; one is 
the dispersion of a smaller total cereals 
acreage over a larger land base, and the second 
is the lower coverage density of agriculture in 
these two regions by technicians and representa­
tives of the administration and of the marketing 
agencies. 
The major implications for the estimation procedures 
from these data problems can be summarized as follows ; 
(1) The existence of errors in measurement in both 
dependent and independent variables. 
(2) The possibility that the disturbance terms may 
be correlated with time whenever the latter 
enters an equation. 
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(3) The possibility for the disturbances to be auto 
correlated, 
(4) The high degrees of correlation between many of 
the independent variables shown in Table 9 
will likely create serious multicollinearity 
problems. 
The classical normal linear regression model^  
Ordinary least squares estimation procedures consti­
tute the most common method used in econometric analyses, 
even for time series models. 
These procedures have their foundations in the 
assumptions of the linear multiple regression model which 
can be summarily described as follows: 
Let » Ci+CgXgi + . '+CKXKi+*i 
represent the true linear relationship between the 
dependent variable Y^ , and the independent variables 
*2i' ^ 3i' *^ Ki the errors terms 
The basic assumptions are, as Kmenta states them 
(45, p. 348); 
T^erm used by Kmenta (45, p. 348). 
Table 9. Selected partial correlation coefficients 
Variables Hard wheat price Soft wheat price Barley price 
Nominal Deflated* Nominal Deflated* Nominal Deflated* 
Time 
Soft wheat price .99 .95 
Barley price .99 .17 
Lamb price .95 -.79 
Beef price .88 -.82 
Durum yield 
the North .81 -.68 
Soft yield 
the North 
Barley yield 
the North 
Durum yield 
Center & South .59 -.49 
Soft yield 
Center & South 
Barley yield 
Center & South 
Time .88 -.85 
99 
95 
89 
74 
,53 
88 
37 
67 
70 
-.45 
29 
75 
95 
88 
69 
46 
88 
.11 
-.06 
,11 
-.09 
.06 
.92 
.92 
.80 
.69 
.73 
. 6 2  
.48 
.56 
*The deflator is the agricultural wholesale price index. Both prices, 
when applicable, are deflated for coefficients in these columns. 
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is normally distributed (assumption 1) 
E(f^ ) - 0 (assumption 2) 
E(€i^ ) a (assumption 3) 
- 0 (i f j) (assumption 4) E(6i6j) 
Each of the explanatory variables is nonstochastic 
with values fixed in repeated samples and such that, 
for any sample size, (3^ ^^  - %^ j)2/n is a finite 
number different from zero for every m-2, 3...,K. 
(assumption 5) 
The number of variables exceeds the number of 
coefficients to be estimated, (assumption 6) 
No exact linear relation exists between any of 
the explanatory variables, (assumption 7) 
The linear model above can be written in matrix 
notation 
where 
X.c + €. 
1 
1 
n 
*21 *K1 
*22 *K2 
- *2n ""Kn n 
The least squares estimators for the true parameters, 
A 
•^ K c (XX) X'Y 
Under the assumptions above, these estimators can be 
shown (45, Chapter 7 and 10) to have the derivable properties 
Assumption 1 is not necessary for BLUE properties-
If assumption 2 is violated, the intercept estimator, c-i , 
is biased (45, pp, 248-249). 
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of being unbiased, i.e., E(c) " c and of possessing the 
smallest variances in the class of linear unbiased 
estimators hence their being called best linear unbiased 
estimators or BLUE. 
The validity of the assumptions also permits the 
construction of tests of hypotheses concerning the true 
parameters and of confidence intervals for the values of 
the parameters and/or of the predicted values of the 
dependent variable. 
The major concern for the economist is whether or not a 
variable has any effect on Y, i.e., if c^  is different 
from zero. To this effect, a t-value is computed as 
t^  - ^ m , ®(c ) being the estimated variance of c^ , 
and t having a Student t distribution^  with (n-K-1) degrees 
of freedom. A one-tail test for (HoiCg^ O against Ha:Cjjj>0) 
at 0(-significance level would consist in finding the value 
of the t-distribution, in the Student t table 
and compare it to the computed t value. For example the 
null hypothesis, c^  ^- o, will be rejected at the .01 level 
" -Ol-
Conditional on assumption 1, the test Is still valid, 
when it is violated, in large samples, because 
c^ , is asymptotically normal (45, p. 248). 
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A(l-a) confidence interval for c^  can be constructed, 
A  ^
- ^(CJJP * (^n-R-l)** means that there is a (1-a) 
probability of cm falling into that range. 
It is possible that none of the explanatory variables 
included has any effect on Y, i.e., Ho : C2"C2". • . Cj^ "0. A 
sufficient condition that at least one of the c's is 
different from zero, at say the five percent significance 
level is that /n-K\ from the F distri-
K-1, n-K 
1 2 bution table, where R is the coefficient of determination. 
2 Another important statistic is R , the coefficient of 
determination, which measures the proportion in the total 
variation of Y that is explained by the included independent 
variables. The total variation of Y is measured by the 
total sum of squares, 
n _ 2 
SST = L (Y.-Y) and the explained variation by the 
i-1  ^
Al 1 1 A 2 SSR 
regression sum of squares, SSR = c (XX)" c and R - SST. 
2 2 Since the maximum value of R is one, the closer R is to 
this maximum the better fit the estimated model has. 
It is possible to obtain an F-test rejecting Ho, 
while none of the coefficients shows any significance 
using t tests. This usually denotes the existence of 
a high degree of multicollinearity (45, p. 367 and p. 390). 
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Applicability of the normal linear model 
The applicability of this model to ourestimation is 
conditional, in practical terms on the extent to which its 
assumptions, especially 3, 4 and 5, are violated by the 
nature of the estimating equations and/or of the data used. 
The data related problems, described in the first 
section of this chapter, may violate in particular the 
assumptions of homoskedasticity, 3, of non-autocorrelation 
of the errors 4, and most importantly that of absence of 
multicolllnearity, 7, 
Model related problems concern essentially the 
reduced form estimating equations that include lagged 
values of the dependent variable, specifically the 
acreage response functions with Nerlove's price expecta­
tions formation. I.e., all estimating equations of the 
type of (2.11b) and (2.13b). 
Let us recall that the error term in both equations 
are of the form 
(2.22) - yu^ -(l-/5)yu^  1 
Even if the U^ s are not correlated with each other, 
E(U^ .Ut„l)=0, the V^ s can be shown to be serially correlated 
in general. 
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(2.23) E - -(1-/Î) - -(W) 
which is zero only for ^ "1^ , or for y-0. 
Note also that in these equations,  ^and 
on one hand and may be highly correlated pair, 
wise adding another risk of multicollinearity. 
When least squares estimation is used with hetero-
skedasticity^  present, the estimators c are still unbiased, 
3 they are consistent , but their variances estimators 
are biased. 
The confidence intervals and the significance 
tests...do not apply (45, p. 255). 
Alternative estimation procedures, with valid significance 
tests are applicable, however, only if the are correlated 
with an additional variable Q^ , which may be one of the 
included X's, or if we could estimate the directly 
(45, chapter 8, section B-1). None of these options are 
available for use in this study, hopefully the rather weak 
suspicion of the presence of heteroskedasticity is wrong. 
T^his Indirectly shows that the models with Cobweb 
type price expectations do not suffer from this problem. 
D^efined as E(€^ )^-<t^^ . 
T^he values of c converge towards the true values c 
as sample^ size increases, otherwise expressed as probability 
limit of c-c as n goes to infinity. 
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Least squares estimators are no more BLUE In the 
presence of serial correlation although they are still 
unbiased and consistent. These estimators are not 
asymptotically efficient^  (45, chapter 8, section 8-2). 
The most common test for serial correlation Is the Durbln-
n 2 
Watson test by checking If the statistic d • X (e»-e» •,) 
t-2  ^
Is within the rejection region (>d^ ), in the acceptance 
region (<d^ ) and in the undetermined region in between. 
This test not only has an Inconclusive range, but is a 
biased estimator in the case of the lagged variable 
according to Johnston (41, pp. 309-311). An alternative 
test, also developed by Durbln,is presented by Johnston 
but it applies only to large samples (41, pp. 312-313). 
Alternative estimation procedures are the Cochrane-Orcutt 
procedure and Durbln's method both using different ways 
of estimating p, the serial correlation coefficient and 
using the estimate to respecify a new estimating equation 
with independent error terms. These two methods will be 
used for some of the models with high first order auto­
correlation coefficients. 
T^oo large variances; for a more detailed definition 
see Kmenta (45, p. 167). 
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Another method consists In the use of first differ­
ences, but this method does not provide an estimate for 
the Intercept and Is only valid If the value of P Is 
expected to be close to unity (45, p. 289). 
The presence of multlcolllnearlty appears to be a 
more serious problem In the estimations considered here, 
mainly because we are Interested In the effects of substi­
tute and complementary crops prices and these are generally 
highly correlated, at least palrwlse (see Table 10). 
Perfect multlcolllneary would render the estimation 
by the least squares method Impossible.^  In general multl­
colllnearlty has, according to Johnston (41) the following 
consequences : 
The precision of estimation falls so that It becomes 
very difficult to disentangle the relative Influences 
of the various X variables. This loss of precision 
has three aspects; specific estimates may have very 
large errors; these errors may be highly correlated 
one with another; and the sampling variances of the 
coefficients will be very large. 
Investigators are sometimes led to drop variables 
Incorrectly from an analysis because their coeffi­
cients are not significantly different from zero, 
but the true situation may be not that a variable 
has no effect but simply that the set of sample data 
has not enabled us to pick It up. 
Estimates of coefficients become very sensitive 
to particular sets of sample data, and the addition 
of a few more observations can sometimes produce 
dramatic shifts In some of the coefficients (41, p. 160). 
The matrix Is singular and (X'X) cannot be Inverted. 
This computational problem still exists with high degrees 
of multlcolllnearlty. 
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A test for multlcolllnearlty is of course high 
partial correlation between any two of the included 
independent variables, If however multicollinearity is 
diffused among more than two variables, no conclusive 
test exists. Kmenta cites a condition that would strongly 
indicate its existence, where the F test is significant 
while none of the t-tests on the coefficients other than 
the intercept is at a given significance level (45, pp. 
367 and 390). 
Once multicollinearity is detected, or suspected, 
little can be done other than dropping some of the 
explanatory variables and cause misspecification problems 
or finding additional information which is generally not 
available from time series data. 
In the specific case of multicollinearity caused by 
only two variables, an alternative procedure can be used 
which consists in first regressing one of the correlated 
variables on the other, then using the residuals in place 
of the regressed variable in the original equation. 
This procedure will be applied to some of the models in 
this study. 
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CHAPTER III. EMPIRICAL RESULTS 
The nature, either positive, negative or nil, and the 
magnitudes of the Tunisian cereals producers' responses to 
prices is of the utmost importance in view of its potential 
policy implications. The nature of price expectations and 
the shorts and long-run supply elasticities will be 
reviewed to this effect. Also reviewed are the impact of 
exogenous variables such as weather, those of risk and of 
other variables. Tables 9 to 30 present the empirical 
results with significance levels in parenthesis, used here 
in place of the usual t-values because of differences in 
the number of degrees of freedom across models. Global 
equation statistics consist of the coefficients of 
determination R , the F-values, the Durbin-Watson statis­
tics, D.W. and the first order auto correlation coefficients, 
F.O.A.C. 
Acreage Responses 
The nature of price expectations (Tables 10 and 11) 
The discussion here is based on the comparison of the 
two basic models represented by equations (2.11b) and 
(2.13b). Relevant coefficients and statistics are 
presented in Tables 9 for the North and 10 for the Center 
and South. Because of the identification problem in 
Table 10. Acreage responses in the North; comparison of 
models with Nerlove and Cobweb price expectations 
Models Durum wheat Soft wheat 
Variables Linear Log Linear Log 
N C N C N C N C  
Coefficient 
of V .24 .28 .21 .26 .63 .74 .78 78 
t-l:S.L. * (17) * (23) (  .9) (  .01) (  .4) ( .  01) 
Coefficient 
of P. , :V 3.14 3.26 .29 .31 .71 1 .12 .29 31 
t-l:S.L. (10) (3) (10) (4) * * * * 
Value of 
p.y .70 .72 .71 .74 .36 .26 .24 22 
L.R. Price 
Elasticity .39 .40 .41 .42 .75 1 .64 1 .21 1. 40 
.50 .51 .49 .48 .67 .65 .68 68 
F. 3.56 7.36 3.44 6.44 7 .21 13 .05 7 .73 14 ! 20 
D.W. 1.90 2.12 1.94 1.99 1 .65 2 .07 1 .90 1. 96 
F.O.A.C. -.03 -.06 -.03 -.06 .17 -,04 .04 01 
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Barley All cereals 
Linear Log Linear Log 
N C N C N C N C  
.45 
(3) 
.87 
(.01) 
.37 
(7) 
.83 
(.01) 
.57 
(1) 
.65 
(.01 
.51 
(3) 
.62 
(.03) 
2.26 
(20 
2.46 
(18) 
.44 
(11) 
.35 
(25) 
3.14 
(20) 
4.24 
(6) 
.22 
(15) 
.24 
(8) 
.14 .13 .12 .17 .37 .35 .39 .38 
2.36 2.76 3.71 2.11 .48 .68 .56 .63 
.86 
22.64 
1.83 
.03 
.83 
34.20 
2.82 
-.45 
.85 
19.89 
1.65 
.07 
.78 
23.32 
3.03 
-.54 
.83 
17.20 
2.10 
-.19 
.82 
32.60 
2.07 
-.09 
.81 
15.34 
2.01 
-.13 
.80 
26.09 
2.22 
-.23 
Table 11. Acreage responses in the Center and South: 
comparison of models with Nerlove and Cobweb 
price expectations 
Models Durum wheat Soft wheat 
Variables Linear Log Linear Log 
N C N C N C N C  
Coefficient 
of : V .63 .69 .68 .69 .35 .29 .48 .36 
S.L. (1.5) (.1) ( .9) (.02) (15) (12) (5) (6) 
Coefficient 
of P. ,:V -1.63 -1.35 .09 .14 .23 -.30 .55 .51 
t-l:S.L. * * * * * * * * 
Value of 
a . y  .27 .31 .27 .31 .49 .71 .58 . 64 
L.R. Price 
Elasticity -.87 -.63 .34 .47 .39 -.35 .95 .80 
R: .47 .46 .58 .57 .47 .44 .40 .38 
F. 3.17 5.74 5 .00 8.90 3.22 5.20 2.45 4.02 
D.W. 2.04 2.16 2 .02 2.02 1.79 1.84 1.91 1.70 
F.O.A.C. -.05 -.10 .01 -.01 .09 .06 .02 .14 
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Barley All cereals 
Linear Log Linear Log 
N C N C N C N C  
.61 .50 .58 .44 .67 .68 .67 .59 
(7) (.6) (9) (.1) (8) (.1) (7) (.1) 
17.90 15.70 1.90 1.61 -.02 .10 .31 .35 
(7) (9) (5) (7) * * * * 
.57 .50 .57 .56 .37 .37 .37 .41 
2.89 2.89 3.33 2.98 1 b
 
o
 
.02 .84 .85 
.51 .48 .56 .53 .44 .43 .56 .54 
3.77 6.18 4.67 7.56 2.84 5.09 4.59 7.96 
1.93 1.77 2.11 1.82 2.00 1.96 1.96 1.79 
-.02 .05 -.08 .06 -.02 .00 .02 .10 
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models with Nerlovlan type of price expectations (N in 
Tables 10 and 11) the product fi,y is provided for comparison 
purposes, 0 being equated to one in the models with 
Cobweb type of expectations (C in Tables 10 and 11). 
For durum wheat in the North both model types in both 
functional forms show very similar values for 0 . y  (.70 to 
.74) and for the long run price elasticies (.39 to .42). 
The Cobweb type models however show higher significance 
levels for the coefficients and as a consequence for the 
2 F. statistic. The R 's are very close for all models and 
rather low. 
For durum wheat in the Center and South, the logarithmic 
forms seem to provide a better fit than the linear ones. 
The latter yield negative and nonsignificant price elastic­
ities. For the logarithmic forms, the two models types are 
still very similar, yielding nonsignificant price elastic­
ities of .34 and .47 and fi.y values of .27 and .31 
respectively for Nerlove and Cobweb type models. 
For soft wheat in the North, the linear forms seem to 
suggest some differences. The Nerlove type model producing 
.36 for ^  y and ,75 for the price elasticity against .26 
and 1.64 respectively for the Cobweb type model. The 
logarithmic forms, which provide a slightly better fit, 
yield however very similar results for both models. 
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For soft wheat In the Center and South, there is 
wider variations between models for the linear forms, We 
prefer the logarithmic form, because it yields positive 
2 price elasticities, even though it has lower R 's. This 
form produces similar values for most elements considered, 
except for the F.O.Â.C. in the Cobweb type model, which is 
higher (.14) suggesting the possible existence of serial 
correlation. Note the nonsignificance of price coefficients 
in all equations for both regions. 
For barley in the North, we first note the smallness 
of f.y which ranges from .12 to .17 and causes the long run 
price elasticities to be large despite the smallness of 
the price coefficients.^  More importantly, we notice the 
large differences in the D.W. and F.O.À.C. values. The 
Cobweb type models suffer from high serial correlation, 
which appears to be picked up by the double lag on 
2 in the Nerlove type models. In view of this and of the 
small size of it seems unlikely for to equal one. 
2 Note the high R 's and F. values. 
For barley in the Center and South, there seems to be 
little difference between the two model types. The 
The large price coefficients in the linear models 
translate into small short-run elasticities (both .32) 
because of a small average price to acreage ratio of .15. 
^See Table 11 for the coefficients of other 
estimation results of Nerlove type models. 
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logarithmic form shows better fits and there appears to 
be no correlation. Price elasticities are high in both 
the short- and long-run and the price coefficients have 
better significance levels than in the North. 
For all cereals acreage in the North, little 
difference shows between the values of either p.y or the 
price elasticities, but the presence of serial correlation 
can be suspected in both model types, in the linear form 
for Nerlove's and in the logarithmic in Cobweb's type. 
The R 's and the F.values are high for all equations. 
For all cereals acreage in the Center and South, 
values and price elasticities are similar across model 
types. The logarithmic form appears to be the superior 
one in the view of the definitely positive price elas­
ticities, even though nonsignificant, and in view of the 
2 higher R 's and F-values. 
The complete results for the equations with Nerlove's 
price expectations are presented in Table 12^ for the North 
and Table 13 for the Center and South. Note that for 
barley, the coefficients of X^_2 are large as compared to 
those for the other crops. 
Model codes are as follows: N is for linear form, L 
is for logarithmic form, the first number refers to the 
nature of the weather variables (0 for time instead of 
rainfall). Rainfall in September-December is coded 1, in 
September-November it is 2, in August-November it is 3, and 
in September-October it is 4, the second number is simply 
for order. 
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Table 12. Acreage responses In the North® 
Models Durum W. Soft W, Barley All Cereals 
Variables N2 L2 N1 LI N1 LI L4 N1 LI 
Intercept 205 3.05 -30 -.79 -50 -.99 -1.69 90 1.44 
(9) (4) * * * * (13) * (7) 
Acreage, Lag 1 .24 .21 .63 .78 .45 .37 .34 .57 .51 
* * (.9) (.4) (3) (7) (8) (1) (3) 
Acreage, Lag 2 .06 .08 .01 -.02 .41 .51 .51 .06 .10 
* * * * (4) (1) (.9) * * 
Rainfall .16 .05 .15 .14 .01 .00 .05 .12 .03 
(18) (17) (16) (13) * * (21) * * 
Rainfall, Lag 1 .02 .01 .18 .03 .02 .00 .04 .17 .03 
* * (12) 4r * * (29) (24) * 
Own price. Lag 1® 3.14 .29 .71 .30 2.26 .45 .61 3.14 .22 
o (10) (10) * * (20) (11) (4) (20) (15) 
9r .50 .49 .67 .68 .86 .85 .86 .83 .81 
F. 3.6 3.4 7.2 7.7 22.6 19.9 22.9 17.2 15.3 
D.W. 1.90 1.94 1.65 1.90 1.83 1.65 1.75 2.10 2.01 
F.O.A.C. -.03 -.03 .17 .04 .03 .07 .04 -.19 -.13 
®Durum price is used for "all cereals" equations. 
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Table 13. Acreage responses in the Center and South 
Models 
Durum W. Soft W. Barley All Cereals 
Variables N1 LI N1 LI N1 LI N1 LI 
Intercept 112 -.70 -6.90 -1.91 -371 -4.58 157 -.59 
* * * * (16) (14) * * 
Acreage, Lag 1 .63 .68 .35 .48 .61 .58 .67 .67 
(1.5) (.9) (15) (5) (.7) (.9) (.8) (.7) 
Acreage, Lag 2 .10 .05 .16 -.06 -.18 -.15 -.04 -.04 
* * * * * * * * 
Rainfall .51 .46 .23 .69 .47 .49 1.16 .51 
(15) (1) (.2) (1) (10) (.3) (8) (.3) 
Rainfall, Lag 1 .01 -.06 -.04 -.25 -.25 -.19 -.34 -.14 
* * * * • * * * 
Own price. Lag 1 -1.63 .09 .23 .55 17.9 1.90 -.02 .31 
* * * * (7) (5) * * 
R^  .47 .58 .47 .40 .51 .56 .44 .56 
F. 3.2 5.0 3.2 2.4 3.8 4.7 2.8 4.6 
D.W. 2.04 2.02 1.79 1.91 1.93 2.11 2.00 1.96 
F.O.A.C. -.05 -.01 .09 .02 -.02 • .08 -.02 .02 
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The complete results for all acreage response equa­
tions estimated through ordinary least squares are 
presented in Tables 14 to 22. 
Acreage response of durum wheat in the North (Table 14) 
The own price coefficients, elasticities in the 
logarithmic forms, show no significance in the models 
incorporating time in place of rainfall (N02 and L02), 
in those including the prices of the other two cereals 
(L23 and L24), in those where gross returns for all three 
cereals were used instead of prices (LGl) and in the 
model where the percentage of durum wheat in the North was 
used as an independent variable (LPl). The significance 
levels improve to between five and ten percent for the 
models with livestock prices included, and to between one 
and two percent when own lagged yield is included. The 
latter shows some significance with a positive sign. 
Implied price elasticities when the price coefficients 
are significant, range, for the short-run between .25 and 
.49 and between .33 to .65 for the long run. 
The prices of barley and of soft wheat are not 
significant and the latter shows an unexpected positive 
sign (L23 and L24). Also somewhat unexpected is the 
Table 14. Acreage response: durum wheat in the North* 
Models^  
Variables 
N21 N02 N33 N34 N35 L21 L02 L23 L24 
Intercept 219 362 99 208 245 3.27 4.59 3.03 2.32 
(2) (4) * (8) (6) (.5) (.2) (2) (8) 
Acreage, LI .28 .29 .25 .19 .15 .26 .23 .28 .25 
(17) (18) (21) (29) * (23) (27) (19) (23) 
Rainfall .16 .14 .13 .14 .047 .04 .0 
(13) (18) (20) (17) (14) (20) (26) 
Durum price, LI 3.26 1.38 5.18 4.25 3.77 .31 .10 .03 .25 
(3) * (.7) (2) (5) (4) * * * 
Soft price, LI .33 
* 
.26 
* 
Barley price, LI -.01 
* 
- .04 
* 
Lamb price, LI -.19 -.20 
(5) (4) 
Beef price, LI 
Yield, L. .07 .13 .13 .07 
(10) (1) (1.5) (23) 
Risk .87 
It 
Time -1.91 -.041 
9 
* (11) 
R^  .51 .48 .58 .66 .67 .48 .51 .52 .56 
F 7.36 6.44 6.80 7.30 6.05 6.18 7.20 4.10 3.75 
D,W. 2.12 2.00 2.26 2.36 2.52 1.99 2.12 2.28 2.32 
F.O.A.C. -.06 -.01 -.14 -.20 -.28 -.06 -.18 -.14 -.16 
S^ignificance levels of coefficients in parentheses, * means not 
significant at the 30 percent level. 
is for linear form; L is for logarithmic form; P means that 
the independent variable is in percentage of total acreage for 
the region; G means that gross returns (price x yield) replace 
prices. 
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L25 L26 L27 L28 L29 L19 L39 L49 LP! LGl 
2.72 2.39 2.64 2.98 2.31 2.26 2.36 2.06 .285 2.14 
(8) (11) (8) (9) (7) (9) (7) (12) (5) (15) 
.28 .21 .25 .17 .23 .23 .22 .29 .614 .52 
(17) (29) (25) * (26) (30) (29) (17) (.1) (2) 
.04 .03 .05 0.04 0 0 .04 .01 .04 
(22) (28) (14) (16) (20) * (17) * (22) 
.38 .48 .43 .41 .47 .47 .47 .46 .001 .15 
(4) (1) (8) (5) (1.5) (1) (1) (2) * (18) 
-.004 
* 
-.02 
* 
.003 -.07 
* (27) 
-.06 -.07 -.03 -.03 
(9) (5) * • 
.09 .05 
(22) * 
.10 .09 .08 .08 .09 .08 .09 
(9) (16) (17) (12) (15) (13) 
.01 
* 
.57 .64 .49 .57 .53 .53 .55 .51 .63 .44 
5.10 5.30 4.62 3.92 5.40 5.30 5.90 5.00 8.68 2.90 
2.18 2.19 2.07 2.33 1.96 2.13 2.13 2.08 2.15 2.25 
-.10 -.12 -.13 -.17 -.07 -.12 -.14 -.11 -.09 -.12 
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positive sign of beef price, while the price of lamb 
is significantly negative (N34, N35, L25 and L26), 
The coefficients for rainfall are small^ and only 
moderately significant. Comparing models L19, L29, L39 
and L49 which differ only in the nature of the rainfall 
variable suggests that the August-November rainfall is 
barely better than the others. 
The time and the risk variables are not significant, 
risk's coefficient even having the wrong size, a positive 
one. Their inclusion seems to affect negatively the 
performance of the other variables. 
2 Overall, the relatively low R 's suggest that some 
important variables are still left out. This observation 
is also supported by the large size and the good signify 
icance levels of the intercept coefficients. 
Acreage response of soft wheat in the North (Table 15) 
Contrary to what happened with durum wheat prices, 
soft wheat prices are only significant when both prices of 
the other two cereals are entered into the equations (L47, 
L48, LIS, L28, L38, L13 and LPl). The response to these 
two prices is negative and significantly so. The only 
model where these results do not occur is the one where 
The responsiveness coefficient for rainfall can be 
obtained by dividing its estimated coefficient by the value 
of y (1 minus the coefficient of acreage). 
Table 15. Acreage response: soft wheat in the North® 
Models^  
Variables 
Nil N02 N13 L41 L02 L43 L44 L45 L47 
Intercept -36 -49 12 -.78 .08 -1.34 -1.87 1.67 2.43 
* • * * • * * * * 
Acreage, LI .14 .78 .70 .78 .78 .79 .55 .71 .67 
(.01) (.01) (.01) (.01) (.01) (.03) (2) (.01) (.01) 
Rainfall .12 .11 .13 .11 .17 .15 .09 
(22) (26) (12) (21) (8) (8) * 
Durum price, LI -2.14 
(21) 
Soft price, LI 1.12 1.53 1.60 .3 .2 .4 .76 .02 3.21 
* * (22) • * * * * 1 
Barley price, LI -2.20 -1.51 
* (10) 
Lamb price, LI -.10 -.28 
* (22) 
Beef price, LI .12 .73 
* (19) 
Yield, L. -.31 -.16 
(11) (23) 
Risk 
Time .26 
* 
-.02 
* 
R^  .65 .62 .66 .70 .75 .70 .73 
F 13.05 11.67 9.89 8.40 8.20 11.28 9.55 
D.W. 2.07 1.90 1.99 1.87 2.32 2.39 1.56 
F.O.A.C. -.04 .04 .00 .05 -.19 -.20 .20 
S^ignificance levels of coefficients in parentheses, * means not 
significant at the 30 percent level. 
is for linear form; L is for logarithmic form; P means that 
the independent variable is in percentage of total acreage for 
the region; 6 means that gross returns (price x yield) replace 
prices. 
T^he deflator is nominal price of durum wheat. 
^Yield of durum wheat in the North is used here. 
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L48 L18 L28 L38 L21 L22 LU L12 L13 LPl LGl 
7.29 7.84 7.98 7.71 1.27 1.70 1.65 2.88 7.03 .14 5.61 
(5) (4) (2) (5) * • * * (7) (14) (8) 
.52 .49 .54 .55 .71 .77 .72 .70 .59 .63 .73 
(.6) (1) (.1) (.4) (.01) (.01) (.01) (.01) (.03) (.04) (.01) 
.13 .25 .18 .17 .11 .17 .24 .17 .18 .16 
(12) (10) (11) (15) (22) (20) (12) * (18) (19) 
-4.58 -5.12 -4.78 -4.63 -3.67 -.007 -.55 
(3) (2) (1.5) (3) (4) (10) (18) 
5.57 6.19 5.86 5.74 .5 .77® 1.07 ® .24 4.33 .010 -.15 
(2) (1) (1) (2) * * * 4r (4) (7) * 
-1.91 -2.26 -2.27 -2.27 -.75 -.69 -1.68 -.007 .22 
(3) (.9) (.8) (1) (27) (30) (4) (5) * 
.55 .0 .05 
* * 
-.35 -. 38 -.38 .36 -.2 -.2 -.17*^  -.38* 
(5) (4) (2) (5) (14) (13) * (10) 
-.01 - .03 
* * 
.07 
.80 .80 .80 .79 .70 -.26 -.27 .72 .78 .68 .72 
11.07 11.40 12.10 10.80 11.12 7.21 7.61 9.90 10.52 10.50 9.90 
2.22 2.28 2.35 2.28 1.84 2.44 2.46 1.95 1.75 1.61 2.42 
-.14 -.17 -.19 -.16 -.06 -.23 -.23 -.01 .09 .18 -.24 
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gross returns replace prices (LGl). The significance levels 
of all three prices when own lagged yield or lagged yield 
of durum is entered improve dramatically to better than 
five percent (L48 L18, L28, L38 and L13). 
More surprising^ is the dramatic increase in the size 
of the price coefficients, especially those for soft wheat 
which imply long run elasticities of 9.70 or more. When 
adding up the three price coefficients for any of these 
models, the net effect is however negative implying that 
if all three prices were increased, in real terms, by the 
same percentage soft wheat acreage will actually decline. 
In addition to this, note that the own yield coeffi* 
cients are negative contrary to our expectations. Using 
durum wheat yields produces very similar results, which 
suggests that farmers are reacting to this latter variable, 
a possible explanation being that durum wheat is strongly 
preferred for subjective reasons, and/or because of its 
auto consumption use. The contrast between the results for 
durum wheat and for soft wheats, of the competitive cereals 
prices also seems to support this explanation. 
Since durum and soft wheat prices are highly corre­
lated (r=.98) it was expected that prices would get less 
significant (as for durum wheat) because of larger 
variances. 
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Livestock prices effects are similar to those for 
durum wheat, positive for beef and negative for lamb, 
although the latter not significant for soft wheat. 
The effect of rainfall is larger than for durum with 
slightly better significance levels. September-December 
rainfall seems to perform better here (compare L48, L18, 
L28 and L38). Time is not significant, and risk, although 
not significant, has the expected negative sign (L21, Lll). 
The R 's are substantially higher than for durum 
wheat, especially for those models with prices of the three 
cereals included. 
Acreage responses of barley in the North (Table 16) 
Results from Cobweb type models here show little 
consistency. Own price coefficients, although relatively 
stable across models, show little or no significance, and 
because of the wide variations in the estimates of the 
acreage adjustment coefficient, yield wild swings in 
estimates of long-run elasticities from .28 (L27 and L37) 
to 2.55 (L41). 
The coefficients for durum wheat are positive while 
those of soft are negative, both groups being nonsignif­
icant. Lamb and beef prices have negative coefficients, 
the latter at better than five percent significance level 
in most models (L16, L27, L37, L47). Yield coefficient 
Table 16. Acreage response; barley in the North® 
Models^  
Variables 
Nil N02 N41 Lll L02 L13 L14 L15 L16 
Intercept -49 21 -51 -.34 1.82 -1.57 -2.13 -.54 5.70 
* * * * (23) (24) (22) * (5) 
Acreage, LI .87 .55 .81 .83 .49 .61 .64 .86 .31 
(.01) (1) (.01) (.01) (2) (.6) (.7) (.01) 19 
Rainfall .01 .10 .00 .05 .03 -.01 .01 
* (21) * * * * * 
Durum price, LI 1.09 1.27 
* (27) 
Soft price, Ll -.67 
* 
- .80 
* 
Barley price, Ll 2.46 3.42 2.91 .35 .37 .48 .47 .33 .25 
(18) (6) (11) (25) (19) (25) (27) (30) * 
Lamb price, Ll 
*
 1 o
 
00
 
Beef price, Ll -.03 
* 
-.50 
Yield. L. .05 
4r 
.02 
* 
Risk 
Time -2.53 -.15 
2 (10) (6) 
.83 .85 .85 .78 .81 .81 .81 .78 .85 
F 34.20 40.49 27.50 23.32 29.29 16.30 13.10 16.70 20.30 
D.W. 2.82 2.31 2.80 3.03 2.41 2.61 2.59 2.54 2.33 
F.O.A.C. -.45 -.19 -.41 -.54 -.23 -.32 -.31 -.33 -.25 
S^ignificance levels of coefficients in parentheses, * means not 
significant at the 30 percent level. 
N is for linear form; L is for logarithmic form; P means that 
the independent variable is in percentage of total acreage for 
the region; G means that gross returns (price x yield) replace 
prices. 
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LI 7 L27 L37 L47 L41 L42 LP! LGl 
.75 5.77 5.76 5.03 - .86 1.17 -.05 -1.03 
* (5) (5) (7) * * * * 
.70 .33 .33 .34 .82 .59 .50 .88 
(.1) (16) (16) (13) (.01) (.2) (2) (.01) 
.02 .00 .01 .06 .06 .06 .05 
* * * (18) (20) (24) * 
.007 .17 
(6) * 
- .008 .01 
(9) * 
.43 .19 .19 .29 .46 .43 .005 -.04 
(17) * * * (14) (15) (7) * 
-.0 -.01 -.01 -.00 
* * * * 
- .08 -.59 -.59 -.57 
00 o
 1 
* (3) (3) (3) * 
.03 .07 .07 .07 
* * * * 
-.05 
* 
-.07 
* 
.81 .86 .86 .87 .80 .84 .71 .80 
13.10 16.90 16.90 19.10 25.98 15.98 12.06 14.90 
2.73 2.44 2.43 2.41 3.04 2.68 2.38 3.02 
-.39 -.28 -.27 -.27 -.55 -.36 -.20 -.52 
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is also nonsignificant. Risk is negative and nonsignif­
icant, while time shows some good significance levels 
(N02 and L02). 
Despite the addition of more variables, most expected 
to contribute to the explanatory power of the equations, 
2 the Cobweb type models show no improvement in R values 
n 
over the basic Nerlove type models (Table 10). All R 's 
are satisfactorily high. 
The systematic presence of high serial correlation in 
the former ones and its apparent absence in the latter 
ones, led us to use the autoreg. procedure to correct for 
serial correlation testing it on model L41 and show 
obvious improvements in performance for all coefficients, 
especially for the price coefficients (Table 17). 
Table 17. Reestimation of model L41 for barley in the North 
Models Intercept Acreage, L-, Own Price Rainfall 
Variables 
Ordinary 
least squares -.885 ,820 .460 .060 
* ( . 01 )  (14) (20) 
Autoreg., 2 
iterations -.835 
(23) 
.871 
( . 0 1 )  
.386 
(4) 
.044 
(17) 
Autoreg., 3 
iterations -.994 
(13) 
.874 
(.01) 
.423 
(2 )  
.048 
(13) 
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Acreage responses of all cereals in the North (Table 18) 
The pattern here is very similar to that of durum 
wheat. Durum price, used as proxy, shows excellent signif­
icance levels of 1 to .1 percent whenever it's entered in 
combination with both livestock prices combined (L17, L18, 
L28. L38, L48, L32, L33, L34 and L35). Durum price 
elasticities range from .61 to 1.04. Lamb prices have 
negative coefficients with even better significance levels 
while beef prices are significantly positive (6 to 1 percent). 
The negative lamb prices suggest a strong competition 
between cereals and fallow for grazing (Jachere paturee 
in French). The positive response to beef prices of course 
suggests some complementarity that was not expected. The 
apparent explanation is that grain is used as feed, but 
this would mean barley would show the strongest comple­
mentarity to beef, which is not the case as can be seen 
by comparing the respective results for the three cereals. 
Yields, that of durum used as a proxy and the average 
for cereals, do not show much significance, probably because 
the proxy and the averaging diffused the estimated effect. 
Rainfall on the other hand show significance levels around 
10 to 13 percent, with all four measures performing almost 
equally (see L17, L28, L38, L48). 
The set of equations incorporating livestock prices 
seem to have very good explanatory powers and excellent 
Table 18. Acreage response: all cereals in the Nortn^ 
Models^  
Variables 
Nil N02 Lll L02 L13 L14 L15 L16 L17 
Intercept 57 610 1.49 5.99 1.18 1.79 .79 3.12 1.18 
* (7) (4) (.1) (18) * * (.8) (29) 
Acreage, LI .65 .38 .62 .12 .62 .65 .66 .46 .34 
(7) (10) (.03) * (.06) (.03) (.04) (1) (2) 
Rainfall .14 .03 .03 .03 .02 .03 .04 
(28) * * (22) * * (11) 
Durum price,LI4.24 .54 .24 .07 -.24 -.15 .29 .17 .65 
(6) * (8) * * * (6) (21) (.07) 
Soft price,LI .65 .58 
(15) (20) 
Barley price. LI -.09 
* 
-.11 
* 
Lamb price, LI -.04 -.14 
(7) (.04) 
Beef price, LI .23 
(.9) 
Yield, L. .02 
4r 
.04 
it 
Risk 
Time -7.19 -.12 
? (10) (.5) 
R^  .82 .84 .80 .86 .84 .85 .80 .83 .91 
F. 32.60 35.85 26.09 40.10 19.30 16.40 19.40 23.14 37.40 
D.W. 2.07 1.75 2.22 1.88 2.37 2.32 2.16 2.16 2.78 
F.O.A.C. -.09 .04 -.23 .04 -.22 -.19 -.20 -.12 -.40 
S^ignificance levels of coefficients in parentheses, * means not 
significant at the 30 percent level. 
is for linear form; L is for logarithmic form; P means that 
the independent variable is in percentage of total acreage for 
the region; 6 means that gross returns (price x yield) replace 
prices. 
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LI 8 L28 L38 L48 LSI L32 L33 L34 L35 
1.53 .95 .97 1.05 1.00 1.90 2.62 2.26 1.50 
(18) * * * (25) (7) (5) (12) (17) 
.43 .41 .40 .42 .66 .43 .36 .40 .44 
(.7) (.6) (.7) (.5) (.02) (.4) (2) (2) (.3) 
.02 .03 .03 .02 .03 .03 .02 .02 .02 
* (13) (10) (12) (16) (15) * * (22) 
.50 .61 .62 .58 -.19 .46 .39 .41 .50 
(.07) (.10) (.09) (.14) * (.10) (1) (1) (.07) 
.62 
(16) 
-.12 
* 
-.11 -.13 -.13 -.12 -.10 -.08 - .08 -.11 
(.06) (.07) (.07) .12 (.08) (3) (3) (.06) 
.11 .20 .20 .17 .11 .11 .12 .10 
(4) (3) (3) (6) (2) (2) (2) (4) 
.04 .02 .02 .04 .04 
(26) * * * (24) 
-.03 -.05 
* * 
-.03 -.03 
* * 
.91 .92 .92 .92 .85 .91 .91 .91 .91 
29.70 31.10 31.80 31.40 17.2 36.70 30.70 25.50 31.60 
2.36 2.53 2.58 2.59 2.29 2.40 2.29 2.20 2.29 
-.19 -.30 -.31 -.31 -.17 -.22 -.17 -.13 -.16 
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2 
overall fits as the high R 's ( .91) and the F, values 
( 25.50) show and may provide a good basis for policy 
analysis and/or for predictive purposes. The high D.W.'s 
and F.O.A.C.'s model use the Cochrane-Orcutt method again, 
but the autoregressive coefficient was small (-.13) and 
nonsignificant, and the coefficients significance levels 
dropped substantially. 
Acreage responses in the Center and South (Tables 19, 20, 
21, and 22) 
The regression results for the central and southern 
2 
region are somewhat disappointing. All the R 's are 
practically below .60 and about all the price coefficients 
are nonsignificant, the exception being for the barley 
equations. Rainfall effects, as expected, are very strong 
and the corresponding coefficients are highly significant, 
at the one percent level or better in the majority of 
cases. The coefficients for lagged acreages are also 
highly significant in general and moderately so for 
soft wheat. Lagged yields coefficients show some signif­
icance but only for soft and durum wheat. For barley, its 
own price shows significance levels of five to ten percent, 
except for models containing the prices for wheats, and 
a long run elasticity range of 1,75 to 3.33. 
Three possible explanations for these results, the 
first is simply imputing them to the very imprecise 
Table 19. Acreage response, durum wheat in the Center and South® 
Model s 
Variables 
Nil N02 Lll L02 L13 L14 L15 L16 L17 LPl L61 
Intercept 115 284 -.96 7.77 -5.03 -5.42 -2.90 -3.85 -2.65 .46 -1.03 
* * * (13) * * * * * (2) * 
Acreage, L. .69 .63 .69 .58 .66 .60 .66 .61 .59 .46 .53 
(.1) (.2) (.02) (.3) (.06) (.3) (.03) (.2) (.1) (6) (.4) 
Rainfall .49 .46 .49 .45 .46 .45 .43 .35 
(14) (.6) (.9) (2) (.5) (.8) (1) (2.5) 
Durum price -1.35 -2.91 .41 -1.26 .83 1.04 -3.67 -3.06 .48 -.008 -.21 
* * * (28) * * (15) (27) * * * 
Soft price 5.06 4.47 .009 .41 
(13) (19) * (6) 
Barley price 
-.60 -.40 -.006 .02 
* * * * 
Lamb price 
-.002 
It 
-.07 
it 
Beef price .22 
It 
.29 
* 
Yield, L. .13 .08 .21 
* * (14) 
Risk 
Time -.37 -.18 
0 * (29) 
.46 .40 .57 .39 .56 .58 .62 .63 .62 .25 .65 
F. 5.70 4.40 8.90 4.50 4.90 4.20 6.30 5.10 7.70 1.70 7.00 
O.U. 2.16 2.13 2.02 2.28 1.90 1.80 1.94 1.88 1.99 2.16 2.32 
F.O.A.C. -.10 -.09 -.01 -.14 .03 .06 .02 .04 .02 -.09 -.18 
a 
Same footnotes as in Table 14. 
Table 20. Acreage response, soft wheat in the Center and South* 
Modelsb 
Variables 
Nil N02 m  3  N14 NI 5 Nil L02 
Intercept 24 109 64 48 5 -2.74 6.93 
* (30) * * * * * 
Acreage, LI .29 .19 .24 .20 .26 .36 .29 
(12) * (21) (30) (16) (6) (18) 
Rainfall .22 .21 .21 .21 .69 
( . 2 )  (.3) (.3) (.2) (.9) 
Durum price. LI 
Soft price. LI -.30 -1.38 - .08 .37 .05 .51 -1.06 
* * * * * * * 
Barley price , LI -1.62 -1.90 
* * 
Lamb price. LI 
Beef price. LI 
Yield, L .02 .02 
* * 
Risk 
Time -.33 -.10 
* * 
R^  .44 .08 .45 .47 .45 .38 .11 
F. 5.20 .60 4.00 3.30 4.00 4.00 .90 
D.W. 1.84 1.98 1.93 2.07 1.88 1.70 1.88 
F.O.A.C. .06 .00 .01 -.05 .04 .14 .05 
®Significance levels of coefficients in parentheses, * means not 
significant at the 30 percent level. 
is for linear form; L is for logarithmic form; P means that 
the independent variable is in percentage of total acreage for 
the region; G means that gross returns (price x yield) replace 
pri ces. 
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L13 L14 L15 L16 L17 LP! LGl 
-9.91 -8.28 -.95 -3.98 -4.78 .33 -2.02 
(30) * * * * (4) (26) 
.34 .32 .33 .30 .33 .08 .26 
(8) (9) (10) (12) (7) * (18) 
.77 .67 .67 .61 .61 .55 
(.7) (2) (1) (2) (2) (1) 
-2.62 .27 -.004 -.65 
* * * (7) 
1.77 1.41 4.03 .95 .70 .004 .75 
* * * * * * (2.5) 
-1.37 -.78 -.009 .13 
* * (12) * 
.24 .24 
* * 
.14 -.10 
* * 
.28 .32 .33 
(17) (14) (9) 
.40 .46 .38 .46 .47 .25 .54 
2.50 2.60 2.40 2.50 4.10 1.80 4.50 
1.81 1.78 1.94 1.92 1.77 2.16 1.86 
.07 .08 .02 .02 .09 -.09 .05 
Table 21. Acreage response, barley in the Center and South® 
Model s 
Variables 
Nil N02 Lll L02 L13 L14 L15 L16 L17 LP! LGl 
Intercept -365 -262 -4.47 -.60 -7.37 -8.16 -4.73 -4.15 -3.97 -.12 .71 
(15) * (15) * (6) (8) (14) (29) (24) * * 
Acreage, Ll .50 .42 .44 .33 .40 .38 .40 .41 .33 .56 .42 
(.6) (4) (1) (11) (2) (5) (3) (3) (11) (.3) (3) 
Rainfall .51 .47 .51 .51 .46 .45 .42 .38 
(7) (.3) (.2) (.3) (.4) (.9) (1) (2.5) 
Durum price, , Ll -1.46 -1.03 .010 -.22 
* * (10) * 
Soft price. Ll 2.88 2.50 -.012 .38 
* * (17) (12) 
Barley price,Ll 15.7 16.5 1.61 1.40 .96 1.09 1.65 1.87 2.03 .011 -.10 
(9) (10) (7) (17) * * (7) (5) (4) (4) * 
Lamb price. Ll -.13 
* 
Beef price. Ll -.02 
* 
Yield, L. .047 
* 
.076 
* 
.12 
* 
Risk 
Time -2.54 -.13 
2 
* (27) 
.48 .40 .53 .31 .57 .58 .54 .54 .56 .56 .48 
F. 6.20 4.40 7.60 3.20 5.10 4.10 5.60 4.20 3.80 6.30 3.60 
D.W. 1.77 1.78 1.82 1.92 1.61 1.59 1.82 1.63 1.63 2.14 2.14 
F.O.A.C. .05 .06 .06 .04 .18 .19 .05 .15 .15 - .08 - .08 
S^ame footnotes as in Table 14. 
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Table 22. Acreage response, all cereals in the Center and South® 
Models^  
Variables 
Nil N02 Lll L02 L13 L14 L15 L16 
Intercept 101 552 -1.06 8.61 -11.51 -6.05 -4.35 -2.52 
* * * (10) (2.4) * (24) * 
Acreage, LI .63 .56 is .46 .55 .51 .53 .51 
(.1) (.7) (.1) (2) (.4) (1) (.2) (.4) 
Rainfall 1.21 .51 .55 .51 .51 .48 
(5 )  (.2) (.3) (.7) (.2) (.3) 
Durum price,LI .10 -4.34 .35 -1.18 2.07 1.33 -2.57 .64 
* * * * (20) (29) (28) * 
Soft price. LI 3.88 
(20) 
Barley price. LI .13 
* 
Lamb price. LI -.15 
it 
-.06 
* 
Beef price. LI .83 
* 
.28 
• 
Yield, L. .09 .17 
* (20) 
Risk 
Time -1.95 -.21 
? 
* (24) 
R^  .43 .31 .54 .29 .55 .55 .60 .58 
F. 5.10 3.10 8.00 2.90 4.40 3.60 5.80 6.60 
D.W. 1.96 2.04 1.79 2.16 1.49 1.59 1.65 1.79 
F.O.A.C. .00 -.04 .10 -.08 .18 .16 .16 .09 
S^ignificance levels of coefficients in parentheses, * means not 
significant at the 30 percent level. 
is for linear form; L is for logarithmic form; P means that 
the independent variable is in percentage of total acreage for 
the region; G means that gross returns (price x yield) replace 
pri ces. 
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estimation procedures, the second that farmers in this 
region are less price responsive because they produce 
mainly for auto consumption and/or because weather is 
the main determinant of their returns and they know it; 
the third is that we left out some important variables. 
It's likely that some combination of the three applies. 
The higher magnitudes and significance levels of 
rainfall in this region as compared to the North and the 
lack of significance of the risk variable introduced, in 
both regions seem to suggest that rainfall before and 
during the planting season is providing farmers with a 
better measure for risk as they are likely to realize that 
rainfall conditions from year to year are not correlated 
as implied by our risk measure. 
Other Supply Responses 
Yield responses (Tables 23 to 28) 
In the North,output prices seem to have significant 
effects on yields, with many of the coefficients being 
negative for durum wheat and barley. Only the price of 
soft wheat shows significance (LI). 
Price of nitrogen shows strong negative effects on 
all cereals as well as high significance levels. This 
holds practically for all formulations, nominal, deflated 
Table 23. Yield response, durum wheat in the North 
Models 
Variables 
Nl" N2* N3^  N4^  N5^  Ll« 
Intercept 116 1,609 415 735 757 9.09 
• (4) * (3) * * 
Acreage .20 
* 
-.92 
* 
Own yield, LI .24 -.30 .29 .01 -.07 
(28) * (18) * * 
Own price, LI 4.01 -3.13 .86 
* * (4) 
Nitrogen price, LI -4.05 90.7 -.37 
(3) (13) (22) 
Nitrogen price, no lag -103 
(10.7) 
Phosphate price, LI -12.64 80.1 - .03 
(10) * 
Phosphate price, no lag -178 
(7()\ 
Rainfall Sept.-Dec. 
K c y J I  
-.04 
If 
Rainfall Jan.-Mar. .21 
if 
.08 
* 
Rainfall Apr.-June .01 
* 
Rainfall Sept.-June .26 
* 
Time 15.3 64.8 17.5 22.8 24.2 .06 
O (10) (2.5) (7) (.2) (17) * 
R^  .69 .76 .68 .73 .78 .70 
F. 15.4 12.0 15.0 13.2 7.3 5.6 
D.W. 1.92 1.98 1.98 1.89 1.94 1.89 
F.O.A.C. .03 -.00 -.01 .04 .03 .05 
N^ominal prices. 
'^ Prices deflated by the wholesale price index for agricultural 
products. 
^Fertilizer prices deflated by output price. 
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L2* L3b L4b L5^ 16= L7 L8 
12.54 11.71 16.63 14.57 8.72 12.23 12.4( 
* (13) (.01) (9) (24) (17) (16) 
-1.26 -.29 -.94 -1.43 -.51 -1.27 1.31 
* (18) (23) * (30) (30) 
.68 -.40 -.46 
(19) * * 
-.46 -.28 -.32 -.51 
(21) (24) (15) (3) 
-.54 
(.7) 
-.01 -.58 -.49 -.12 
* (17) (20) * 
-.43 
(27) 
.11 .09 .10 .11 .22 
* * * * (23) 
.19 .21 .19 .19 .15 .18 .02 
(23) (15) * (22) (28) (30) * 
.09 .08 .09 .04 .08 
* * * * * 
.17 .38 
* (20) 
.05 .10 .06 .17 .15 .14 
* * * (27) * * 
.68 .75 .74 .68 .76 .53 .51 
4.0 6.1 8.4 4.9 7.2 4.2 5.3 
1.89 2.36 2.28 1.89 2.02 1.25 1.24 
.05 -.18 -.14 .05 -.01 .33 .33 
Table 24. Yield response, soft wheat 1n the North 
Models 
Variables 
Nl'^  N2* N3® N4b N5^  LI® 
Intercept -11 -40 1,361 1,282 382 16.40 
* * (20 (3) * (23) 
Acreage .50 -1.72 
* (28) 
Own yield, LI .50 .42 .22 .24 
CM in 
(1.5) (5) (28) (23) * 
Own price, LI 4.37 n.i2 6.66 1.10 
* * * (1.5) 
Nitrogen price, LI -7.37 -281 -.87 
(1) (1) (3) 
Nitrogen price, no lag -66 
* 
Phosphate price, LI 6.87 -60 -.24 
* * * 
Phosphate price, no lag -276 
* 
Rainfall Sept.-Dec. .88 
* 
.15 
h 
Rainfall Jan.-Mar. -.46 
* 
Rainfall Apr.-June .47 
* 
Rainfall Sept.-June .37 
* 
Time 25.2 10.1 46.8 22.1 29.9 .00 
(12) * (23) (5) * * 
R^  .61 .62 .74 .72 .78 .71 
F. 10.8 11.5 10.9 13.0 7.3 6.1 
D.W. 1.91 1.85 2.07 2.01 1.94 1.92 
F.O.A.C. .02 .06 -.04 -.01 .03 .04 
N^ominal prices. 
'^ Prices deflated by the wholesale price Index for agricultural 
products. 
^Fertilizer prices deflated by output price. 
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L2® L3^ L4^ L5 L6 L7^ L8^ L9^ 
14.59 15.89 15.77 13.57 13.26 15.85 13.61 9.63 
* (13) (.09) (30) * (.2) (5) (7) 
-1.46 -1.18 -1.22 -1.66 -1.57 -1.17 -1.09 -.93 
• * (19) * * (24) (29) (20) 
.20 .14 .37 
• 4r (8) 
.70 
* 
-.83 -.83 -.82 -.82 
00 1 
(9) (.9) (.4) (.7) (2) 
-.59 
(2) 
.00 -.37 -.38 -.39 -14 
* * * * * 
.22 .28 .11 .25 .46 .29 .24 .22 
* (18) * * (10) (19) * (28) 
.10 .15 .16 .15 .12 .05 
* 4r * * * * 
.08 .10 .12 .10 .08 .03 
* * * * * * 
.38 .45 
* * 
-.00 .11 
* * 
.71 .72 .72 .36 .36 .70 .71 .68 
4.5 5.3 7.8 2.9 2.2 5.4 4.5 6.3 
2.01 1.82 1.87 .99 .96 1.79 1.94 2.24 
-.01 .09 .06 .49 .50 .09 .02 -.07 
Table 25. Yield response, barley in the North 
Models 
Variables 
Nl^  N2* N3* N4^  N5^  LI* 
Intercept 88 183 1,252 673 -77 7.79 
* (17) (7) (6) * * 
Acreage .49 
* 
-1.21 
* 
Own yield, LI .11 .10 -.38 -.20 .06 
* * (14) * * 
(\#n price, LI 4.38 2.57 -.78 .40 
* * * (28) 
Nitrogen price, LI -6.36 -208 -.53 
(.6) (1.5) (25) 
Nitrogen price, no lag -58 
Phosphate price, LI -3.97 
v'l; 
143 1.04 
* * * 
Phosphate price, no lag 19 
* 
Rainfall Sept.-Dec. .28 
* 
.10 
* 
Rainfall Jan.-Mar. .09 
* 
Rainfall Apr.-June .03 
if 
Rainfall Sept.-June .47 
it 
Time 24.9 21.7 54.6 25.4 25.5 -.05 
o (.7) (10) (5) (.3) * * 
RZ 
.52 .52 .69 .64 .63 .65 
F. 7.6 7.6 8.4 9.1 3.4 4.5 
D.W. 1.94 1.94 2.16 2.07 2.24 2.28 
F.O.A.C. .02 .02 - «08 -.04 -.12 -.15 
N^ominal prices. 
P^rices deflated by the wholesale price index for agricultural 
products. 
^Fertilizer prices deflated by output price. 
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L2^ L3^ L4^ L5*'b L7 L8 
15.46 18.77 18.19 17,48 16.11 10.86 10.54 
(24) (.2) (.3) (10) (5) * * 
-1.43 -1.91 -1.86 -1.70 -1.40 -1.42 - i .3e  
* (3) (5) (13) (14) * * 
-.02 -.02 .08 .05* .03® 
* * * * * 
-.75 -.80 -.82 -.70 
(4) (1) (2) (9) K 
-.82* 
(1.5) 
.14 .24 ,35 
* • * 
.29 .07 .25 .27 .30 .16 .45 
(23) * * (28) (19) * (10) 
.26 .26 .29 .23 .29 
(28) (27) (21) (27) (26) 
.12 .15 .13 .15 .12 
•k * * * * 
.47 .58 
* * 
.07 .22 .23 
* * * 
.66 .64 .64 .63 .70 .46 .48 
3.8 5.4 4.0 4.9 6.5 4.3 3.4 
2.36 2.33 2.36 2.34 2.63 1.67 1.64 
-.17 -.17 -.18 -.17 -.32 .14 .16 
Table 26. Yield response, durum wheat In the Center and South 
Models N2® N3' N4^  LI® 
Variables 
Intercept 310 74 453 292 -1.07 
* * (24) (9) * 
Acreage .45 
(20) 
Own yield, LI .13 .12 -.17 .09 
* * * * 
Own price, LI -3.52 .87 .03 -.76 
* * * * 
Nitrogen price, LI -2.21 -83 -.48 
(2) (2) * 
Nitrogen price, no lag 
Phosphate price, LI -1.28 54 1.48 
* * * 
Phosphate price, no lag 
Rainfall Sept.-Dec. 
Rainfall Jan.-Mar. .61 
(.2) 
Rainfall Apr.-June 
Rainfall Sept.-June 
*
 1 CM
 
Time 4.3 5.8 14.0 5.1 .19 
2 
* * (30) (11) * 
.32 .31 .51 .48 .67 
F. 3.1 2.9 3.8 4.4 5.0 
D.W. 1.97 1.86 2.16 1.98 2.17 
F.O.A.C .01 .06 -.09 .00 -.12 
N^ominal prices. 
P^rlces deflated by the wholesale price Index for agricultural 
products. 
^Fertilizer prices deflated by output price. 
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12^  L3^  L4 L5 16^  
8.09 
(17) 
8.08 
130) 
-1.35 
* 
.26 
(24) 
-1.68 
(25) 
.11 
.46 
* 
-.01 
* 
-2.51 
(15) 
-.08 
.39 
-2.54 
(6)  
-.25 
* 
.80 
- .68 
(7) 
.10 
* 
.70 
( . 2 )  
.27 
(14) 
.03 
* 
.74 
5.7 
2.68 
-.35 
.67 
(.07) 
-.00 
* 
.70 
6.9 
2.32 
- .21 
.65 
(.04) 
.27 
* 
.29 
(1.5) 
.62 
8.3 
2.15 
-.09 
.32 
(13) 
.76 
( .02) 
.21 
(21) 
.29 
(1.5) 
.68 
7.9 
2.40 
-.20 
.26 
(19) 
.68 
(.07) 
.22 
(17) 
.20 
(8) 
.73 
7.5 
2.55 
-.29 
Table 27. Yield response, soft wheat in the Center and South 
Models 
Variables 
Nl* N2* N3*' N4^  LI* 
Intercept -31 662 57 800 -4.34 
* (27) * (2) * 
Acreage .32 
it 
Own yield, LI .01 -.19 .08 -.18 
* * * * 
Own price LI 2.23 .25 
* * 
Nitrogen price, LI -.40 -172 -.54 
(1.5) (.9) * 
Nitrogen price, no lag 
Phosphate price, LI -2.29 -12.80 1.75 
* * * 
Phosphate price, no lag 
Rainfall Sept.-Dec. 
Rainfall Jan.-Mar. .45 
(5) 
Rainfall Apr.-June 
Rainfall Sept.-June .07 
if 
Time -1.61 12.56 12.40 -.19 
* * (14) * 
R^  .27 .49 .20 .46 .53 
F. 2.4 3.5 1.7 4.0 2.7 
D.W. 1.93 2.16 1.89 2.14 2.27 
F.O.A.C. .02 -.13 .02 -.12 -.16 
N^ominal prices. 
'^ Prices deflated by the wholesale price index for agricultural 
products. 
^Fertilizer prices deflated by output price. 
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L2^ 13*' LA'' L5 L6 
9.92 
(23) 
-.01 
* 
6.64 
(18) 
.17 
* 
1.49 
* 
.06 
* 
-1.27 
•k 
.34 
(25) 
•1.34 
k 
.22 
-.99 
-.72 
(2) 
-.20 
* 
-.63 
-.77 
(20) 
- . 2 2  
*  
-.76 
(9) 
.17 
* 
.54 
(5) 
.28 
(24) 
.48 
(4) 
,17 
.22 
* 
.56 
(2)  
.27 
(21) 
.57 
(.9) 
.35 
.30 
(28) 
.67 
( . 8 )  
.18 
(23) 
-.09 
* 
.58 
2.7 
2.40 
- .21 
.53 
3.4 
2.36 
-.20 
.04 
* 
.56 
3.6 
2.46 
-.23 
.17 
(24) 
.44 
4.0 
2.11 
- .08 
.49 
3.6 
2.11 
- .08 
Table 28. Yield response, barley in the Center and South 
Models 
Variables 
Nl* N2® N3^  N4b LI» 
Intercept 71 740 108 178 -7.83 
(20) (8) * (29) * 
Acreage .49 
(16) 
Own yield, LI .46 .22 .46 .10 
(3) * (3) * 
Own price, LI -.27 -4.10 -1.43 -.57 
* * * * 
Nitrogen price, LI -3.94 -115 -.59 
(7) (.9) * 
Nitrogen price, no lag 
Phosphate price, LI -1.89 -168 2.58 
* (5) (15) 
Phosphate price, no lag 
Rainfall Sept.-Dec. 
Rainfall Jan.-Mar. .29 
(10) 
Rainfall Apr.-June 
Rainfall Sept.-June .37 
* 
Time 5.0 23.7 4.7 2.9 -.01 
2 
• (13) (20) * * 
R^  .40 .63 .40 .60 .68 
F. 4.4 6.2 4.4 7.1 5.1 
D.W. 1.79 1.62 1.81 1.66 1.67 
F.O.A.C. .10 .14 .09 .14 .10 
N^ominal prices. 
P^rices deflated by the wholesale price index for agricultural 
products. 
^fertilizer prices deflated by output price. 
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L2^  L3^  L4 L5 L6^  
2.01 
* 
.25 
7.2 
(14) 
.05 
-3.55 
(7) 
.24 
(29) 
-2.14 
(19) 
.16 
* 
.31 
* 
.01 
* 
.77 
* 
-.91 
( 6 )  
-1.36 
(23) 
-.103 
(3) 
-.57 
(7) 
.31 
(25) 
.41 
(7) 
.10 
.19 
(24) 
.68 
4.2 
1.64 
.14 
.31 
(9) 
.67 
(14) 
.65 
5.6 
1.78 
.06 
.36 
(3) 
.90 
(2 )  
.28 
( 2 )  
.58 
6.9 
1.49 
.24 
.55 
(2)  
.55 
( . 8 )  
.20 
(29) 
.28 
(3) 
.59 
5.5 
1.38 
.30 
.50 
(3) 
.49 
(1.5) 
.25 
(17) 
.14 
(29) 
.65 
5.3 
1.53 
.22 
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by the agricultural wholesale price index or by the out­
put's price and also both when lagged and when without lag. 
Phosphate price on the other hand, while consistently 
having a negative coefficient, shows no significance for 
any of the cereals, except in model N2 of durum wheat. 
Own yield, lagged has significantly positive 
coefficients only for soft wheat (Nl, N2 and L9). Acreage 
of the year for all cereals has consistently negative but 
nonsignificant coefficients. 
Rainfall variables appear to have some effects which 
are not as significant as expected. Here the averaging 
over different climatic zones and possibly the aggregation 
of widely different production functions^ has probably 
diffused the effects in the estimation. 
For durum wheat, the January to March rainfall appears 
to be relatively more important, and for soft wheat and 
barley it is the September to December rainfall. Crop 
year rainfall (September through June) does not show any 
significance. 
In inter model comparison, those models containing 
the ratio of nitrogen to output's price without a lag 
seem to perform better in terms of overall fit and/or of 
Yield responsiveness to rainfall is affected by 
technological variables such as quality seedbed preparation 
and fertilizer application levels to which it's complemen­
tary (see 9 and 79). 
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the signs and significance levels of the various coeffi­
cients. They are respectively for durum, soft wheat and 
barley the models L6, L9 and L6. 
In the Center and South the general pattern of 
effects is generally similar. The major differences are 
the following J 
(1) Prices do not show as good significance levels. 
(2) Acreages have positive but nonsignificant 
coefficients. 
(3) Weather effects are larger and a lot more 
significant. Rainfall in the mid-season period 
of January-March has very highly significant 
coefficients for durum wheat, all at better 
than one percent significance level. 
Marketed output responses (Table 29) 
Two model types are tested here, the first has 
quantities of marketed output as the dependent variable 
and the second the ratio of marketed to total output. 
For all three cereals and for the cereals aggregate 
(all cereals), the second model shows systematically 
2 lower R 's and F-values, 
The first type is tested for the linear and the 
logarithmic forms and the results favor the latter in 
terms of both significance levels of the coefficients and 
of the R^'s. 
Table 29. Marketed surplus response 
Models Durum wheat Soft wheat Barley All cereals 
Variables QN QL PL QN QL PL QN QLl PL QN QL PL 
Intercept -281 -7.98 -3.37 -50 -4.11 .49 -88 -4.29 .32 -451 -7.02 -7.02 
(.3) ( .04) (8) (11) (2.5) * (20) (25) * (.2) (.04) (.04) 
Total 
production .44 1.16 .16 .41 .87 -.13 .27 1.19 .19 .40 1.07 .07 
(.01)( .01) (21) (.01) (.01) (17) (.6) (.01) * (.01) (.01) * 
Durum 
price 5.68 1.58 1.58 9.18 1.45 1.45 
(.06)( .03) (.03) (02) (.01) (.01) 
Soft price 1.53 
(2.5) 
1.10 
(1) (1) 
Barley 
price 2.74 .49 .49 
9 (26) * * 
.78 .82 .54 .78 .84 .43 .41 .62 .05 .78 .85 .59 
F 32.2 42.1 10.6 31.3 48.5 6.9 6.3 15.0 .5 32.4 50.1 12.7 
D.W. 2.05 1.65 1.65 1.53 1.74 1.74 .49 .77 .77 1.65 1.65 1.65 
F.O.A.C. -.12 .10 .10 .11 .06 .06 .54 .54 .54 .04 .04 .04 
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Except for barley, the equations provide an excellent 
fit and highly significant output and price coefficients. 
The latter are by far superior to those obtained by the 
acreage or the yield response functions. 
Two elements are likely to have contributed to these 
results. 
(1) Most of the variables have little or no 
estimation^ errors attached to them. 
(2) The responsiveness of marketed output is 
dominated by large, marked oriented farmers. 
National acreage and output functions (Table 21) 
Equations for total acreages (TÂ1 and TA2) for all 
cereals do not show much price responsiveness. Rainfall 
for the September-December period appears however to be a 
determining factor for acreages and for total output 
(TPl). The price of nitrogen, deflated by durum price seems 
to affect total output significantly and although the 
coefficient of durum price is negative, its net effect 
2 
would be positive because the logarithmic form is used . 
Prices and marketed quantities are practically exact 
measurements, and total output estimation errors should be 
expected to be less than those attached to acreages and 
yields. 
^It would equal -(-.74)-.43-.31. 
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Table 30. Acreage and production responses, all cereals for 
the whole country 
Models 
Variables 
TAl TA2 TP! 
Intercept 1.16 1.51 12.66 
* * 
Acreage, LI .54 .53 
(.1) (.4) 
(.01) 
Production, LI 1.80 
* 
Durum price, LI .22 .20 -.43 
* * * 
Lamb price, LI -.04 
* 
Beef price, LI +.03 
* 
Nitrogen price/durum -.74 
( . 8 )  
Rainfall Sept.-Dec. .26 .25 
( . 2 )  ( . 6 )  
Rainfall Sept.-June .51 
(4) 
R^  .58 .59 .69 
F. 9.7 5.4 11.3 
D.W. 1.94 1.93 2.32 
F.O.A.C. .00 .01 -.17 
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Table 31 . Extreme values of own price elasticities 
North Center & South Marketed 
Short Long Short Long output 
run run run run 
Durum wheat .03 .49 .05 .65 ( - )  1 .04 ( - )  2. 57 1 .58 
Soft wheat .02 6.19 .03 12 .74 ( - )  1 .77 ( - )  2. 67 1 .10 
Barley .19 .61 .28 2 .55 .96 2 .03 1.59 3. 33 .49 
All cereals ( - )  .65 ( - )  1 .04 ( - )  2 .07 ( - )  4. 55 1 .45 
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CHAPTER IV. CONCLUSION 
Summary of Results 
Nature of price expectations 
This issue is essentially undecided in view of the 
similarity in performance, of the models with Nerlove's 
and the Cobweb price expectations. Even for barley, the 
latter model type performs satisfactorily when auto-
regressive estimating procedures are applied to it. 
Our preference, however, goes to the Cobweb type 
models for two reasons. First, in view of the price 
fixing history the maintained hypothesis is that farmers 
take last year's price as the sole measure for expected 
price. Second, the elimination of the additional lags on 
the acreage and rainfall variables permits the inclusion 
of other independent variables with more meaningful policy 
implications. 
Our preference also goes to the logarithmic functional 
form which but for a few exceptions, performs at least as 
well as the linear one. In addition, it has the advantage 
of providing direct estimates of the elasticities and thus 
eliminates the need for new computations of these whenever 
the models are used for policy analysis or for forecasting 
purposes. 
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Responsiveness to prices 
The responsiveness of Tunisian cereals producers to 
prices of outputs and of nitrogen fertilizer, has been 
shown to be generally strong in terms of both the size and 
the significant levels of the coefficients. Acreage 
response in the North to cereals prices as well as to 
livestock prices is significant. In the Center and South, 
the weather variables are the dominant factor, although 
barley prices show good significance for the acreages of 
barley the major crop. Weather is also the key variable 
for yield determination in this region. Nitrogen prices, 
and cereals prices indirectly when used as deflators, show 
good significance in both regions. This result is further 
supported by the significance levels of the nitrogen price 
coefficient in the equation for total cereals output 
(model TPl in Table 30). 
The responsiveness of marketed output to both changes 
in real prices and in total output is even more impressive, 
except for barley which still shows good responsiveness 
to output levels. 
These results are similar to those of most other studies 
of cereal responsiveness to prices as reviewed by Askari and 
Cummings (7, see Table B1 of Appendix B). 
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Implications for Policy Analysis 
and Recommendations 
Price policy implications 
The size and significance levels of the price 
elasticities, especially in the North, the major producing 
zone by far, seems to imply that cereals output can be 
increased substantially with appropriate use of real 
prices policies. 
It also appears that cereals marketings would increase 
substantially directly in response to increased output 
prices and indirectly through the effect of increased 
output levels. 
We suggest that the analysis of alternative pricing 
policies be based on the equations for the North. To this 
effect, the acreage response functions for all cereals and 
for durum wheat should constitute the basis for predicting 
the impact of price changes using preferably model L17 or 
L32 for all cereals and model L39 for durum wheat or some 
improved reformulations of them. For soft wheat and 
barley, we suggest using the percentage equations (LPl for 
both). The resulting predicted acreages should then be 
multiplied by the yield equations that use nitrogen prices 
deflated by the corresponding cereals prices, respectively 
models L6, L9 and L6 for durum wheat, soft wheat and barley. 
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Alternative hypotheses need of course to be made with 
respect to rainfall ifi order to obtain predicted output 
estimates corresponding to different weather conditions. 
Recommendations for fyL^ther analysis 
Acreage and yield statistics are available, for the 
period considered her#, for the smaller administrative 
zones. While the estimates at this level may have a 
higher error, and the boundaries of the zones have changed 
somewhat, adjustment ^or these changes, and the likelihood 
that the measured weaCher variables will be more adequate 
at the zone level, suggests the application of the method­
ology of this study tO estimating zone's acreage and 
yield response functid^s. These functions might improve 
the predictive potential for both acreages and yields 
especially for the Nofth. If that is the case, the 
equations may be used to address some of the current input 
distribution and output collection problems. 
Of course, the equations developed here will gain from 
improvement in specification, especially the inclusion of 
additional variables s^ch as prices of other competing 
crops. Further work the functional forms for yields 
in general and for barley's marketed output is also 
needed. 
Final demand prie® analysis is still desperately needed 
in order to provide additional information for policy evalua­
tion. 
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Concluding Remarks 
In view of the substantial analytical work available 
on Tunisian cereals at the micro level, this aggregate 
supply analysis provides an additional and likely a 
complementary tool for policy analysis. 
Similar aggregate analysis of supply, and of course 
of demand for other Tunisian crops, such as olives and 
vegetables, and for livestock are highly recommended. 
This study, if anything, has shown that aggregate data 
estimation in Tunisia is good enough to conduct such 
analysis. Possibly a simultaneous equations system 
incorporating the major subsectors of Tunisian agriculture 
could be developed and estimated. 
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